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ATTITUDE SEQUENCE FOR THE APOLLO 8

SPACECRAFT OPERATIONAL TRAJECTORY

By Mission Design Section
TRW Systems Group

1. SUMMARY AND INTRODUCTION

1.1 General

This document presents the operational attitude sequence for the
C-prime lunar orbit mission. The spacecraft attitude data and event
sequence contained in this report reflect current philosophy in areas perti-
nent to the development of the mission attitude timeline. This philosophy
was formulated primarily through analysis and working group meetings
with appropriate MSC and contractor personnel. The basic techniques
and procedures as agreed upon through these discussions are subject to
revision resulting from operational aspects of the mission attitude profile.
Any such revisions will be published as addenda to this document.

The spacecraft operational attitude data are presented in the
following format:

1. Discussion of the major attitude events occurring during the
mission

2. Figures illustrating the attitude events

3. Mission attitude timeline indicating the chronological sequence
of events (Table I). Event times for the mission were obtained from the
Apollo 8 Preliminary Flight Plan, Reference 1.

4. Tabular data summarizing the pertinent parameters of interest
(Table II)

1.2 Trajectory Profile

The spacecraft operational trajectory furnishing the state vector and
ephemeris data for generating the required attitude data was obtained from
the Lunar Mission Analysis Branch of MPAD-MSC. The trajectory was
precision integrated on the Apollo Reference Mission Program Version
ARMO6, Launch date for the trajectory was 21 December 1968 with a
launch azimuth of 72 degrees.



Major events in the mission include the launch to insertion into a
100 -nautical mile altitude earth parking orbit. A Pacific injection on the
second revolution in earth orbit initiates the translunar phase of the mis-
sion. The translunar and transearth phases are characterized by relatively
short flight times of approximately 66 hours and 85 hours, respectively.
The lunar orbit phase consists of ten revolutions in lunar orbit devoted
primarily to optical navigation and photography assignments.

1.3 Attitude Data Generation

The attitude data required to analyze and define the various space-
craft attitude events were produced using the Apollo Mission Attitude
Requirements (AMAR) Program. It should be noted that attitude maneu-
vers which reorient the spacecraft from an existing attitude are performed
instantaneously in the AMAR simulation of the attitude event sequence.
Maneuver times are shown for the applicable maneuvers in the cislunar
portion of the timeline with the previous attitude carried through to the
instantaneous initiation of the new orientation. The maneuver times are
best estimates and are not intended to reflect actual reorientation proce-
dures. Lunar orbit attitude maneuvers are shown at the initiation time
for the reorientation since the operational maneuver procedures have not
been defined for this phase of the mission.

1.4 Constraints
To facilitate discussion of the attitude event timeline, the primary
spacecraft attitude constraints applicable to various phases or events in

the mission are listed in this section,

1.4.1 Earth parking orbit constraints. -

1. The CSM attitude must provide continuous tracking, command,
telemetry, and voice capabilities when line of sight to a MSFN station
exists.

2. CSM gimbal lock must be avoided. For this mission, gimbal
lock has been defined as an angle of 45 degrees or less between the outer

gimbal axis and the inner gimbal axis.

1.4.2 Cislunar constraints. -

1. Continuous S-IVB tracking and telemetry are required for a
10-minute period within the first 20 minutes after TLI cutoff.

2. S-IVB tracking, telemetry and command and CSM tracking,
telemetry and voice are required during the S-IVB/CSM separation maneu-
ver.

3. Telemetry is required from the S-IVB for a minimum of 10
minutes following S-IVB/CSM separation,



4. CSM tracking, command, telemetry, and voice are required
for one hour following S-IVB/CSM separation.

5. CSM gimbal lock must be avoided.

6. The S-IVB attitude at S-IVB/CSM separation must provide illum-
ination of the forward end of the S-IVB to simulate the lighting for the LM
extraction maneuver.

7. For midcourse correction (MCC) maneuvers, continuous CSM
command, telemetry,and voice are required for the 1-hour period begin-
ning 30 minutes before the MCC.

8. The maximum duration of a continuous attitude hold for the CSM
cannot exceed 1 hour. This is a fracture mechanics limit imposed by the
RCS propellant tanks in a hot environment.

9. The ratio of thermal control time to attitude hold time should
be at least 5 to 1.

10. For IMU alignments, the CSM inertial attitude must provide a
suitable starfield for the optics field of view.

11. For IMU alignments, the sun line of sight must not be within
15 degrees of the sextant (SXT) boresight nor within 55 degrees of the
scanning telescope (SCT).

12. For cislunar optical navigation, the sun line of sight must not
be within 10 degrees of the landmark line of sight nor within 15 degrees of
the star line of sight for the SXT.

13. For periods of passive thermal control (PTC), the CSM should
be oriented as near broadside to the earth as possible to optimize omni
antenna-earth communications.

1.4.3 Lunar orbit constraints. - There are no unique CSM attitude
constraints for the lunar orbit phase of the mission. Attitude requirements
pertaining to cislunar optical navigation, IMU alignments, gimbal lock
avoidance, and MSFN communications must be satisfied by appropriate
attitude orientations in lunar orbit. Violation of any of these constraints
(usually communications) to meet mission objectives are pointed out in the
discussion.




2. SYMBOLS

ALT altitude
ARMO6 Apollo Reference Mission Program Version ARMO06
AMAR Apollo Mission Attitude Requirements Program
M AOS acquisition of signal
CM command module
* CSM command and service module
EMP earth-moon plane
g.e.t. ground elapsed time (hr:min:sec)
IGA inner gimbal angle
IMU inertial measurement unit
LAT selenographic latitude
LM lunar module
LMAB Lunar Mission Analysis Branch
1L.OI-t first lunar orbit insertion burn
LOI-2 lunar orbit circularization burn
LON selenographic longitude
LOS loss of signal
MCC midcourse correction
MGA middle gimbal angle
MPAD-MSC Mission Planning and Analysis Division-Manned
Spacecraft Center
) MSFN Manned Space Flight Network
OGA outer gimbal angle
PTC passive therma_l control
RCS reaction control system



REFSMMAT reference to stable member coordinate transformation
matrix

SCT scanning telescope
SDA shaft drive axis

SEH star/earth horizon
SEL star/earth landmark

SLA spacecraft LM adapter

SLH star/lunar horizon
SLL star/lunar landmark
SM service module
SPS service propulsion system
SXT sextant

S-1VB third stage of Saturn V vehicle

TE transearth

TEI transearth injection
TL translunar

TLI translunar injection
AV velocity increment



3. EARTH ORBIT PHASE

The S-IVB/SLA/CSM configuration is inserted into a 100-nautical
mile altitude circular parking orbit by the Saturn V booster at
00:11:20 g.e.t, The burnout attitude is held inertially fixed for 15 seconds
after termination of the insertion burn., Following this hold, the S-IVB
attitude control system positions the S-IVB (and CSM) X-axis along the
local horizontal in the direction of motion. The CSM Z-axis is in the
trajectory plane with the crew heads down, An S-IVB orbital pitch rate is
then initiated in order to maintain this alignment locally fixed during the
earth orbit phase of the mission. This attitude assures communication
coverage during passes over MSFN stations. During the second revolution
in earth parking orbit, the S-IVB will orient to the TLI burn attitude. The

burn is performed under attitude control by the S-IVB guidance and control
systems,

It should be noted at this point that the IMU gimbal angle data shown
in the tables are based on the prelaunch REFSMMAT until the IMU is
realigned prior to the last TL MCC, Gimbal angle measurements after
this realignment will reflect the new IMU attitude reference as will be dis-
cussed in the appropriate section. Table IIl lists the direction cosines
corresponding to the three IMU REFSMMAT alignments which are unique
for the given launch date and launch azimuth.

Table II(a) lists the spacecraft position and attitude data for the earth
orbit phase of the mission,



4. TRANSLUNAR PHASE

This section contains a brief description of major attitude events in
the translunar phase of the mission. Most of these events, as noted in
their descriptions are also common to the transearth phase of the mission.
Those events occurring only in the transearth phase will be described in
Section 6. A graphical presentation of the major cislunar events is given

in Figure 1, Spacecraft look angles and IMU gimbal angles for the trans-
lunar phase are given in Table II(b).

4.1 Post-TLI Sequence of Events

Following the termination of the TLI burn at 02:55:43 g.e.t., the
burnout attitude is fixed inertially for 20 seconds, At the end of this time
period, the local horizontal mode is again established by the S-IVB attitude
control system for MSFN post-TLI checkout, Fifteen minutes after TLI
cutoff, the S-IVB orients to the S-IVB/CSM separation attitude, Primary
considerations involved in defining the separation attitude are communica-
tions, gimbal lock, and lighting on the forward end of the S-IVB, The
lighting constraint is to evaluate illumination of the LM docking tunnel
for later missions having the LM onboard. The orientation thus consists
of a pitch maneuver to point the SLA generally towards the sun and a roll
maneuver for communications, The separation attitude is held inertially
fixed until a separation distance of about 50 feet is achieved between the
S-IVB and CSM. The CSM is then pitched through 180 degrees to face the
S-IVB. This attitude provides visual observation of the S-IVB and MSFN
communications, A roll maneuver of minus 60 degrees is executed from
this attitude for the proper docking alignment., The CSM station-keeps at
this attitude for approximately 13 minutes and then orients to the evasive
maneuver attitude. This attitude consists of the CSM X-axis being aligned
along the negative position vector, The CSM minus Z-axis is oriented
in the direction of motion and in the trajectory plane. The purpose of the
orientation is to provide visual monitoring of the S~IVB venting and a
nominal thrusting alignment for an RCS burn to avoid S-IVB recontact.

The evasive maneuver attitude is held inertially fixed until
05:07:43 g, e.t., at which time the CSM will be positioned to observe the
S-IVB slingshot trajectory. The CSM attitude for this event aligns the
CSM X-axis 18 degrees below the negative velocity vector.
Communications coverage is optimized by minimizing the angle between
the negative position vector and the S-band antenna boom., The CSM
monitoring attitude is fixed inertially for approximately one hour.

The post-TLI sequence of events is illustrated in Figure 2,
Numerical data for the post-TLI sequence were obtained from Reference 2.




4.2 Navigation Sightings

During the cislunar phase of the mission, optical navigation will be
performed to determine onboard navigation capability. These sightings
occur throughout the mission as noted in the tabular data. The various
types of cislunar navigation sightings are

1. Star/earth horizon sightings - optical sightings taken on a refer-
ence star and the lighted earth horizon

2. Star/earth landmark sightings - optical sightings taken on a
reference star and a known or unknown earth landmark

3. Star/lunar horizon sightings - optical sightings taken on a
reference star and the lighted lunar horizon

4. Star/lunar landmark sightings - optical sightings taken on a
reference star and a known or unknown lunar landmark

The CSM orientation for optical sightings must consider require-
ments for communications and avoidance of gimbal lock as well as the
optical pointing requirements. Sightings involving the earth horizon or
landmarks can usually be accomplished at an attitude satisfying these
requirements. This is caused by the fact that the CSM optics and S-band
antenna are only 48 degrees apart and point in the same general direction.
Lunar navigation sightings, however, produce attitudes inconsistent with
S-band communications requirements for the same reason., Figure 3

illustrates the geometrical situation for both earth and lunar navigation
sightings,

4,3 Passive Thermal Control

A nominal thermal environment is provided during the cislunar phase
for temperature-critical spacecraft components by the passive thermal
control (PTC) mode. The CSM PTC orientation consists of aligning the
CSM X-axis normal to the solar vector and rolling about the X-axis at
two revolutions per hour. Attitude control is maintained in wide angle
deadband (+ 5 degrees) in pitch and yaw when the PTC attitude is estab-
lished. Roll axis control may then either be maintained or disabled. For
simulation purposes in this timeline, the X-axis pointing was fixed.

The PTC orientations have also been optimized for omni antenna
coverage by positioning the X-axis as broadside to the earth as possible
without violating the middle gimbal angle constraint, Figure 4 shows
this orientation procedure,

It may be noted by referring to the tabular data that the lunar mis-
sion rule requiring a 5 to 1 ratio of PTC time to attitude-hold time is not
satisfied for the major portion of this timeline, This is due primarily
to the short translunar and transearth flight times, During the mission,
the thermal control requirement could be met to some degree by roll
maneuvers to reorient the spacecraft between star sightings.

10



4.4 IMU Alignments

Prior to the midcourse correction (MCC) maneuvers, lunar orbit

insertion, and entry, the crew will realign the IMU to preclude drift
errors in targeting for these events.

The CSM cislunar IMU alignment attitude is involved primarily with
obtaining a suitable starfield for the CSM optics. For generation of this
attitude timeline, it has been assumed that the attitude preceding each
IMU alignment (with the exception of the pre-LOI alignment) which is
usually a navigation sighting attitude is acceptable for performing the
alignment. This assumption implies that a suitable starfield should be
available with the existing attitude. In the event of earth or lunar occlu-

sion at this attitude, a roll maneuver could be employed to obtain a clear
optics field of view.

4.5 Midcourse Corrections

At specified times during the translunar and transearth phase of the
mission, the ground will determine by state vector propagation if the cur-
rent trajectory will satisfy desired end conditions. If the trajectory is
deemed unacceptable, a midcourse correction maneuver will be performed
by either the SPS or the RCS.

Since the MCC attitude is dependent on the type of adjustment maneu-
ver required, this attitude cannot be described prior to the mission. This
timeline has, therefore, assumed each MCC occurs in the previous atti-
tude (IMU alignment) with a AV for the maneuver of zero.

4.6 Pre-LOI Sequence of Events

The IMU alignment prior to the last translunar MCC will align the
IMU to the LOI-2 REFSMMAT. The IMU alignment is to provide the crew

with gimbal angles of 0, 180, 0 (roll, pitch, yaw) at the start of the LOI-2
burn.

After the time for the last translunar MCC, the CSM is aligned to
the PTC orientation. Approximately 5 hours later, another IMU alignment
is performed, after which the PTC mode is resumed. Approximately
1-1/2 hours later, the CSM is oriented to the LOI-1 burn attitude, and
another IMU alignment is performed. This attitude is held inertially fixed
through the LOI-1 burn.

11



5. LUNAR ORBIT PHASE

A detailed description of each revolution is included for the lunar
orbit portion of the attitude sequence because of the many and varied
events which occur. Instantaneous maneuvers have been shown because
operational procedures are not as yet defined., The mission time of the
maneuver should be regarded as the time of initiation of the attitude
maneuver, A sufficient time interval has been allowed between the
instantaneous maneuver and the following event for which the maneuver
was required., Table II{c) presents the spacecraft positional and attitude
data for the lunar orbit phase of the mission,

5.1 First Revolution (Figure 5)

The sequence of significant events that occur during the first rev-
olution is as follows:

1. First lunar orbit insertion (LOI-1) burn
2. Acquisition of MSFN line of sight

3. Enter darkness

4. IMU realignment

5. Loss of MSFN line of sight

6. Enter sunlight

7. Lunar observation and photography

The LOI-1 burn deboosts the CSM from the cislunar trajectory into
a 60-nautical mile by 170-nautical mile elliptical parking orbit. The burn
is performed with the CSM in a retrograde attitude, and the crew is heads
down to afford visual reference with the lunar surface. The LOI-1{ burn
attitude is held inertially fixed until immediately prior to acquisition of
MSFN line of sight. The CSM is then rolled 180 degrees to establish
S-band communications. The resulting attitude is held inertially fixed
until loss of MSFN line of-sight. This inertially fixed attitude satisfies
the attitude requirements for the IMU realignment which occurs immedi-
ately after the CSM enters darkness, At the loss of MSFN line-of sight,
the CSM is maneuvered to an attitude which allows lunar visual obser-
vation and photography. The vehicle attitude, with respect to the local
horizontal orientation, is a pitch of minus 45 degrees and a roll of 180
degrees. This attitude is held locally fixed through the completion of
the first revolution.

This attitude sequence allows S-band communications from the
acquisition of MSFN line of sight to the loss of MSFN line of-sight.

13



5.2 Second Revolution (Figure 6)

The sequence of significant events that occur during the second
revolution is as follows:

1. Lunar observation and photography
2. Acquisition of MSFN line of sight
3. Enter darkness

4. IMU realignment

5. Loss of MSFN line of sight

6. Enter sunlight

At the completion of the first revolution, the CSM is in a locally
fixed attitude which allows lunar visual observation and photography. The
local attitude hold is maintained until approximately 7 minutes prior to
the CSM entering into darkness. At this time, the local attitude hold is
terminated, and the existing vehicle attitude is held inertially fixed. This
inertially fixed attitude satisfies the attitude requirements for the IMU
realignment which occurs about 5 minutes after the CSM enters darkness.
Approximately 8 minutes prior to the loss of MSFN line of sight, the iner-
tial attitude hold is terminated, and the CSM is maneuvered to the circular-
ization (L.OI-2) burn attitude. The CSM is first maneuvered to an attitude
which is rolled 180 degrees from the burn attitude to allow S-band commu-
nications. After the loss of MSFN line of sight, the CSM is rolled minus
180 degrees into the circularization burn attitude. This attitude is held
inertially fixed through the remainder of the second revolution.

This attitude sequence allows S-band communications from the
acquisition of MSFN line of sight to the loss of MSFN line of sight.
5.3 Third Revolution (Figure 7)

The sequence of significant events that occur during the third revolu-
tion is as follows:

1. Circularization burn

2. Landmark familiarization

3. Acquisition of MSFN line of sight

4. DPseudo landing site landmark familiarization and photography

5. Enter darkness

14




6. IMU realignment

7. Loss of MSFN line of sight

8. Enter sunlight

9. Orbital navigation photography

Immediately following the start of the third revolution, the circular-
ization burn is performed. The circularization burn transforms the initial
elliptical parking orbit into a 60-nautical mile circular orbit. The burn is
performed with the CSM in a retrograde attitude, and the crew is heads
down to afford visual reference with the lunar surface. After the burn,
the CSM burn attitude is held inertially fixed for approximately 10 minutes.
The CSM is then maneuvered to an attitude which allows landmark familiar-
ization and photography. In this exercise, the CSM X-axis cameras are
given the same pointing profile that the CSM shaft drive axis (SDA) will
have during landmark sightings. The vehicle attitude, with respect to the
local horizontal orientation, is a pitch of minus 52. 5 degrees and a roll of
180 degrees. This attitude is held locally fixed until the CSM cameras be-
come pointed at the pseudo landing site landmark (Table IV). ' A manual
pitch rate is then initiated to keep the cameras pointed at the landmark.
Approximately 1.5 minutes after the CSM passes the closest point of
approach to the landmark, the pitch rate is terminated, and the vehicle is
pitched minus 70 degrees. The resulting attitude is held inertially fixed.
This inertially fixed attitude satisfies the attitude requirements for the
IMU realignment occurring approximately 7 minutes after the CSM enters

‘darkness. The inertial attitude hold is maintained until approximately 19
minutes before the CSM enters sunlight. The inertial attitude hold is
then terminated, and the CSM is maneuvered to an attitude which allows
orbital navigation photography. The vehicle attitude, with respect to the
local horizontal orientation, is a pitch of minus 90 degrees and a roll of
180 degrees. This attitude is held locally fixed while the CSM X-axis
cameras perform vertical stereo photography. The CSM windows are
oriented away from the sun to allow better photography. This attitude is
held locally fixed through the completion of the third revolution.

Except for a small period of time during the photography of the
pseudo landing site landmark, this attitude sequence allows S-band com-
munications from the acquisition of MSFN line of sight to the maneuver to
the orbital navigation photography attitude.

5.4 Fourth Revolution (Figure- 8)

The sequence of significant events that occur during the fourth revolu-
tion is as follows:

1. Orbital navigation photography

2. Acquisition of MSFN line of sight

15



3. Landmark lighting evaluation
4. Enter darkness

5. IMU realignment

6. Loss of MSFN line of sight
7. Enter sunlight

At the start of the fourth revolution, the CSM is in the locally fixed
orbital navigation photography attitude. The local attitude hold is main-
tained, and the vehicle is rolled minus 180 degrees as it passes over the
sub- solar point to orient the windows away from the sun. Approximately
13 minutes before the CSM passes the closest point of approach to the
pseudo landing site landmark, the CSM is maneuvered to the initial track-
ing attitude for the Mode III type landmark sighting attitude sequence
(Figure 9). The attitude at the beginning of a Mode III type tracking
sequence, with respect to the local horizontal orientation, is a pitch of
5 degrees. This attitude is maintained locally fixed until the CSM is about
3 minutes from the closest point of approach to the landmark. The CSM
is then given a minus 0. 3-degree per second pitch rate to keep the land-
mark in the optics field of coverage throughout the tracking period.
Approximately 1.5 minutes after the CSM passes the closest point of
approach to the landmark, the pitch rate is terminated. This Mode III
type tracking sequence is used for the landmark lighting evaluation of the
pseudo landing site landmark. After the tracking sequence is terminated,
the CSM is rolled 180 degrees to gain S-band communications, and the
resulting attitude is held inertially fixed. This inertially fixed attitude
satisfies the attitude requirements for the IMU realignment occurring
approximately 9 minutes after the CSM enters darkness. About 7 minutes
before the CSM enters sunlight, the inertial attitude hold is terminated,
and the CSM is maneuvered to the initial landmark tracking attitude for a
Mode III type landmark sighting sequence, which occurs early in the fifth
revolution on the second control point landmark (Table IV). The initial
landmark sighting attitude, which is a pitch of 5 degrees with respect to the
local horizontal orientation, is held locally fixed through the completion
of the fourth revolution.

This attitude sequence allows S-band communications from the
completion of the landmark evaluation to the loss of MSFN line of sight.

5.5 Fifth Revolution (Figure 10)

The sequence of significant events that occur during the fifth revol-
ution is as follows:

1. Landmark sighting on the second control point landmark

2. Acquisition of MSFN line of sight

16



3. Landmark sighting on the pseudo landing site landmark
4. Enter darkness

5. IMU realignment

6. Loss of MSFN line of sight

7. Enter sunlight

At the beginning of the fifth revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sighting
sequence is performed on the second control point landmark (Table IV), and
then the vehicle is maneuvered back to the initial landmark tracking atti-
tude for a Mode III type landmark sighting sequence on the pseudo landing
site landmark. After the completion of the sighting sequence on the pseudo
landing site landmark, the CSM is rolled 180 degrees to gain S-band
communications, and the resulting attitude is held inertially fixed. This
inertially fixed attitude satisfies the attitude requirements for the IMU
realignment occurring approximately 15 minutes after the CSM enters dark-
ness. About the time the CSM enters sunlight, the inertial attitude hold is
terminated, and the CSM is maneuvered to the initial landmark tracking
attitude for a Mode III type landmark sighting sequence, which occurs early
in the sixth revolution on the second control point landmark. The landmark
sighting attitude is held locally fixed through the completion of the fifth
revolution.

This attitude sequence allows S-band communications from the
completion of the landmark sighting sequence on the pseudo landing site
landmark to the loss of MSFN line of sight.

5.6 Sixth Revolution {(Figure 11)

The sequence of significant events that occur during the sixth revolu-
tion is as follows:

1. Landmark sighting on the second control point landmark
2. Acgquisition of MSFN line of sight

3. Landmark sighting on the pseudo landing site landmark
4. Enter darkness

5. IMU realignment

6. Loss of MSFN line of sight

7. Enter sunlight

8. Landmark sighting on the first control point landmark
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At the beginning of the sixth revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sight-
ing sequence is performed on the second control point landmark, and then
the vehicle is maneuvered back to the locally fixed initial landmark track-
ing attitude for a Mode III type landmark sighting sequence on the pseudo
landing site landmark. After the completion of the sighting sequence on
the pseudo landing site landmark, the CSM is rolled 180 degrees to gain
S-band communications, and the resulting attitude is held inertially fixed.
This inertially fixed attitude satisfies the attitude requirements for the
IMU realignment occurring approximately 13 minutes after the CSM enters
darkness. About 5 minutes before the CSM enters sunlight, the inertial
attitude hold is terminated, and the CSM is maneuvered to the initial land-
mark tracking attitude for a Mode III type landmark sighting sequence on
the first control point landmark (Table IV), After the completion of the
sighting sequence, the vehicle is maneuvered back to the locally fixed
initial landmark tracking attitude for a Mode III type landmark sighting
sequence, which occurs early in the seventh revolution on the second
control point landmark. The inital landmark sighting attitude is held
locally fixed through the completion of the sixth revolution.

This attitude sequence allows S-band communications from the
completion of the landmark sighting sequence on the pseudo landing site
landmark to the loss of MSFN line of sight.

5.7 Seventh Revolution (Figure 12)

The sequence of significant events that occur during the seventh
revolution is as follows:

1. Landmark sighting on the second control point landmark

2. Acquisition of MSFN line of sight

3. Landmark sighting on the third control point landmark

4. Landmark sighting on the pseudo landing site landmark

5. Enter darkness

6. IMU realignment

7. Loss of MSFN line of sight

8. Enter sunlight

9. Landmark sighting on the first control point landmark

At the beginning of the seventh revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sight-
ing sequence is performed on the second control point landmark, and then

the vehicle is maneuvered back to the locally fixed initial landmark track-
ing attitude for a Mode III type landmark sighting sequence on the third
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control point landmark (Table IV). Upon completion of the sighting on the
third control point landmark, the CSM is maneuvered back to the locally
fixed initial landmark tracking attitude for a Mode III type landmark
sighting sequence on the pseudo landing site landmark. After the comp-
letion of the sighting sequence on the pseudo landing site landmark, the
CSM is rolled 180 degrees to gain S-band communications, and the result-
ing attitude is held inertially fixed. This inertially fixed attitude satisfies
the attitude requirements for the IMU realignment occurring approximately
13 minutes after the CSM enters darkness. About 3 minutes before the
CSM enters sunlight, the inertial attitude hold is terminated, and the CSM
is maneuvered to the initial landmark tracking attitude for a Mode III type
landmark sighting sequence on the first control point landmark. After the
completion of the sighting sequence, the vehicle is maneuvered back to

the locally fixed initial landmark tracking attitude for a Mode III type land-
mark sighting sequence, which occurs early in the eighth revolution on

the second control point landmark. The initial landmark sighting attitude
is held locally fixed through the completion of the seventh revolution.

This attitude sequence allows S-band communications from the
completion of the landmark sighting sequence on the pseudo landing site
landmark to the loss of MSFN line of sight.

5.8 Eighth Revolution (Figure 13)

The sequence of significant events that occur during the eighth
revolution is as follows:

1. Landmark sighting on the second control point landmark
2. Acquisition of MSFN line of sight
3. Landmark sighting on the third control point landmark
4. Landmark sighting on the pseudo landing site landmark
5. Enter darkness
6. IMU realignment
7. Dark side and solar corona photography
8. Loss of MSFN line of sight
9. Orbital navigation photography (convergent stereo photography)
10. Enter sunlight
At the beginning of the eighth revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sight-
ing sequence is performed on the second control point landmark, and then
the vehicle is maneuvered back to the locally fixed initial landmark track-

ing attitude for a Mode III type landmark sighting sequence on the third
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control point landmark. Upon completion of the sighting on the third
control point landmark, the CSM is maneuvered back to the locally fixed
initial landmark tracking attitude for a Mode III type landmark sighting
sequence on the pseudo landing site landmark. After the completion of the
sighting sequence on the pseudo landing site landmark, the CSM is rolled
180 degrees to gain S-band communications, and the resulting attitude is
held inertially fixed. This inertially fixed attitude satisfies the attitude
requirements for the IMU realignment occurring approximately 9 minutes
after the CSM enters darkness. Seventeen minutes before the CSM enters
sunlight, the inertial attitude hold is terminated, and the CSM is maneu-
vered to an attitude which allows dark side and solar corona photography.
The vehicle attitude, with respect to the local horizontal orientation, is a
pitch of minus 20 degrees and a roll of 180 degrees. This attitude is held
locally fixed for 15 minutes. The CSM is then maneuvered to an attitude
which allows orbital navigation photography. This vehicle attitude, with
respect to the local horizontal orientation, is a pitch of minus 70 degrees
and a roll of 180 degrees. The attitude is held locally fixed through the
completion of the eighth revolution.

This attitude sequence allows S-band communications from the
completion of the landmark sighting sequence on the pseudo landing site
landmark to the maneuver to the dark side and solar corona photography
attitude.

5.9 Ninth Revolution (Figure 14)

The sequence of significant events that occur during the ninth revolu-
tion is as follows:

1. Orbital navigation photography (convergent stereo photography)
2. Acquisition of MSFN line of sight

3. Enter darkness

4. IMU realignment

5. Loss of MSFN line of sight

6. Enter sunlight

At the start of the ninth revolution, the CSM is in the orbital naviga=-
tion photography attitude. This attitude is held locally fixed until the
CSM passes over the subsolar point. The CSM is then pitched 40 degrees
and rolled 180 degrees, and the resulting attitude is held locally fixed
while the convergent stereo photography continues. Approximately one
minute after the CSM enters darkness, the local attitude hold is termi-
nated, and the CSM is rolled 180 degrees and pitched minus 57.5 degrees.
The resulting attitude is then held inertially fixed. This inertially fixed
attitude satisfies the attitude requirements for the IMU realignment occur-
ring approximately 15 minutes after the CSM enters darkness. At the
loss of MSFN line of sight, the inertial attitude hold is terminated, and
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the CSM is maneuvered to a lunar observation attitude. The vehicle
attitude, with respect to the local horizontal orientation, is a pitch of
minus 45 degrees and a roll of 180 degrees. This attitude is held locally
fixed through the completion of the ninth revolution.

This attitude sequence allows S-band communications from 11

minutes prior to the termination of orbital navigation photography to the
loss of MSFN line of sight.

5.10 Tenth Revolution (Figure 15)

The sequence of significant events that occur during the tenth
revolution is as follows:

1. Acquisition of MSFN line of sight
2. Enter darkness

3. IMU realignment

4. Loss of MSFN line of sight

5. Enter sunlight

6. Transearth injection (TEI) burn

At the start of the tenth revolution, the CSM is in the locally fixed
lunar observation attitude. Approximately 20 minutes before the CSM
enters darkness, the local attitude hold is terminated, and the existing
attitude is held inertially fixed. This inertially fixed attitude satisfies
the attitude requirements for the IMU realignment beginning as the CSM
enters darkness. Approximately 9 minutes before the CSM enters sun-
light, the inertial attitude hold is terminated, and the vehicle is maneuver-
ed to the TEI burn attitude. The burn attitude is then held inertially fixed
through the burn. The TEI burn boosts the CSM from the 60-nautical
mile circular lunar orbit into the transearth trajectory. The burn is
performed with the CSM in a posigrade attitude, and the crew is heads
down to afford visual reference with the lunar surface.

This attitude sequence allows S-band communications from acquisi-
tion of MSFN line of sight to loss of MSFN line of sight.
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6. TRANSEARTH PHASE

Spacecraft look angles and IMU gimbal angles for the major events
during the transearth phase of the mission are given in Table II(d).

6.1 Post-TEI Sequence of Events

Cutoff of the TEI burn occurs at 89:06:53 g.e.t. Following the burn
termination, the CSM X -axis is positioned along the negative moon radius
vector with the Z-axis in the direction of motion and in the plane of the
trajectory. This orientation provides the crew with visual observation of
the moon and is also acceptable for S-band/ MSFN communications when
earth line of sight is acquired.

Approximately one hour after TEI, the IMU will be realigned, and
star/lunar landmark navigation sightings will be performed. The CSM
will then be oriented for the first transearth PTC period.

6.2 Passive Thermal Control Tumble Mode

A type of PTC designated as the PTC tumble mode was simulated for
the first transearth PTC period of approximately 5 hours. This mode has
been included in the timeline to obtain thermal and stability characteristics
of the spacecraft while in this attitude mode.

The initial PTC tumble mode orientation is as follows, The CSM _
X-axis is pointed towards the sun and the CSM Z-axis is 45 degrees below
the trajectory plane pointing in the general direction of the earth, With
this initial attitude a yaw rate of two revolutions per hour is then induced
which turns the X-axis through 360 degrees with respect to the sun. The
CSM attitude chosen for the tumble mode simulation in this timeline has
been derived by considering S-band communications and gimbal lock
avoidance requirements., The PTC tumble mode orientation with the
appropriate earth-moon-sun geometry is shown in Figure 16.

6.3 Pre-Entry Sequence of Events

Prior to the time set for the final TE MCC, the IMU will be aligned
to the entry REFSMMAT. Attitude maneuvers after this event thus will
reflect the change in alignment of the IMU. Following the last MCC time,
the crew performs an IMU realignment. This alignment is performed in
the entry attitude which is a pitch maneuver of 156 degrees from the entry
REFSMMAT alignment of 0, 0, 0 (roll, pitch, yaw) gimbal angles. This
maneuver results in a heads-down retrograde attitude held inertially fixed
until approximately 17 minutes prior to entry. At this time, the space-
craft orients to the CM/SM separation attitude with the X-axis in a
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retrograde position 32 degrees below the local horizontal. The space-
craft is yawed positively through 45 degrees, and the crew is heads down.
After separation, at entry minus 15 minutes, the CM returns to the entry
attitude. The CM/SM separation and spacecraft entry attitude are shown
in Figures 17a and 17b, respectively.
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Table I. C-prime Lunar Orbit Mission Event Sequence

Mission Time
(hr:min:sec) Event

Earth Orbit

00:11:20 Earth orbit insertion, inertial attitude hold

00:11:35 Orient S-IVB/CSM to + X-axis forward, heads down,
Z-axis inplane, initiate local attitude hold

02:50:31 Initiate TLI burn

Translunar

02:55:43 TLI cutoff, inertial attitude hold

02:56:03 Orient S-IVB/CSM to + X-axis forward, heads down,
Z-axis inplane, initiate local attitude hold

03:10:43 Orient to S-IVB/CSM separation attitude, inertial
attitude hold

03:20:43 S-IVB/CSM separation, inertial attitude hold

03:21:43 Execute 180-deg pitch at 5 deg/sec

03:22:23 Execute negative 60-deg roll, begin station keeping

03:35:43 Orient to evasive maneuver attitude

05:07:43 Orient to optical monitoring of S-IVB attitude

06:00:00 Orient to navigation sightihg attitude

06:10:00 Perform star/earth horizon navigation sightings

07:00:00 Complete navigation sightings and initiate 45-deg roll
to IMU alignment attitude

07:10:00 Perform IMU fine alignment

07:30:00 Complete IMU fine alignment and roll 180 deg

08:00:00 Orient to IMU alignment attitude

08:10:00 Perform IMU fine alignment

08:30:00 Complete IMU alignment

09:00:00 Initiate spacecraft midcourse correction

09:10:00 Orient to navigation sighting attitude

09:20:00 Perform star/earth landmark navigation sightings

09:50:00 Complete navigation sightings and orient for PTC

10:05:00 Establish pitch-yaw hold; initiate 0. 2-deg/sec roll rate

15:50:00 Complete PTC and orient to navigation sighting attitude
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Table L

C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec)

16:
16:
17:
26:
26:
27:

27:
27:
28:
28:
28:
29:
29:
34:
34;
34:
35:

45

45:
46:

46:
46:
47:
47:
47:
47:
48:
56:

00:
50:
05:
20:
30:
00:

10:
30:
00:
10:
20:
00:
15:
10:
20:
50:
05:
:00:
10:
00:

iO:
30:
00:
10:
20:
50:
05:
50:

00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

57:00:00

Event

Translunar (Continued)

Perform star/earth horizon navigation sightings
Complete navigation sighting and orient for PTC
Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
Complete PTC and orient to navigation sighting attitude
Perform star/earth horizon navigation sightings

Complete navigation sightings and orient to IMU align-
ment attitude

Perform IMU alignment

Complete IMU alignment

Initiate spacecraft midcourse correction

Orient to navigation sighting attitude

Perform star/earth horizon navigation sightings
Complete navigation sighting and orient for PTC
Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
Complete PTC and orient to navigation sighting attitude
Perform star/earth horizon navigation sightings
Complete navigation sighting and orient for PTC
Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
Complete PTC and orient to navigation sighting attitude
Perform star/lunar horizon navigation sightings

Complete navigation sighting and orient to IMU align-
ment attitude

Perform IMU alignment

Complete IMU alignment

Initiate spacecraft midcourse correction

Orient to navigation sighting a‘ftitude

Perform star/earth horizon navigation sightings
Complete navigation sighting and orient for PTC
Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
Complete PTC and orient to navigation sighting attitude

Perform star/lunar horizon navigation sightings
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Table I. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
{(hr:min:sec) Event

Translunar (Continued)

57:50:00 Complete navigation sightings and orient for PTC
58:05:00 Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
60:05:00 Complete PTC and orient to IMU alignment attitude
60:15:00 Perform IMU alignment
60:30:00 Complete IMU alignment
61:00:00 Initiate spacecraft midcourse correction
61:15:00 Orient for PTC
61:30:00 Establish pitch-yaw hold, initiate 0, 2-deg/sec roll rate
65:50:00 - Complete PTC and orient to IMU alignment attitude
66:00:00 Perform IMU alignment
66:20:00 Complete IMU alignment and orient for PTC
66:35:00 Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
68:05:00 Complete PTC and orient to IMU alignment attitude
68:15:00 Perform IMU alignment
68:35:00 Complete IMU alignment
69:07:29 Initiate LOI-1 burn
Lunar Orbit

69:1 1:35 LOI-1 cutoff, inertial attitude hold
69:29:00 Roll 180 deg for communications, inertial attitude hold
69:30:20 Acquire Honeysuckle Creek signal
70:14:12 Enter lunar umbra, begin IMU realignment
70:36:35 Acquire Madrid signal
70:54:58 Lose Madrid signal
70:55:13 Lose Honeysuckle Creek signal, maneuver to lunar

observation and photography attitude, local attitude hold
71:00:26 Enter sunlight
71:38:25 Acquire Madrid signal
71:38:35 Acquire Honeysuckle Creek signal
72:08:30 Lose Honeysuckle Creek signal
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Table I. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec) Event

Lunar Orbit (Continued)

72:15:00 Terminate local attitude hold and begin inertial attitude
hold

72:22:47 Enter lunar umbra

72:27:00 Begin IMU realignment

72:55:00 Maneuver to circularization burn attitude except rolled
180-deg, inertial attitude hold

73:03:18 Lose Madrid signal

73:05:00 Roll 180 deg to circularization burn attitude, inertial
attitude hold

73:09:01 Enter sunlight

73:30:53 Initiate circularization burn

73:31:03 Circularization burn cutoff, inertial attitude hold

73:40:00 Maneuver to landmark training photography attitude,
local attitude hold

73:47:48 Acquire Madrid signal

74:14:16 Start manual pitch rate for landmark training photography

74:16:33 Terminate pitch rate, pitch up for IMU realignment,
inertial attitude hold

74:22:53 Enter lunar umbra

74:30:00 Begin IMU realignment

74:55:00 Maneuver to orbital navigation photography attitude,
local attitude hold

74:59:49 Lose Madrid signal

75:09:00 Enter sunlight

75:44:00 Roll 180 deg, continue orbital navigation photography,
local attitude hold

75:46:11 Acquire Madrid signal

76:00:00 Maneuver to landmark evaluation attitude, local attitude
hold

76:10:20 Start -0. 3 deg/sec pitch rate for landmark evaluation

76:14:49 Terminate pitch rate, roll 180 deg, inertial attitude hold

76:21:29 Enter lunar umbra

76:30:00 Begin IMU realignment

76:58:10 Lose Madrid signal
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Table I. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec) Event

77:00:00 Maneuver to landmark sighting attitude, local attitude
hold

77:07:35 Enter sunlight

77:30:19 Start -0.3 deg/sec pitch rate for second control point
landmark sighting

77:34:48 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

77:44:32 Acquire Madrid signal

78:08:09 Acquire Goldstone signal

78:08:36 Start -0. 3 deg/sec pitch rate for pseudo landing site
sighting

78:13:05 Terminate pitch rate, roll 180 deg, inertial attitude hold

78:20:05 Enter lunar umbra

78:35:00 Begin IMU realignment

78:56:11 Lose Goldstone signal

78:56:32 Lose Madrid signal ,

79:06:00 Maneuver to landmark sighting attitude, local attitude
hold :

79:06:12 Enter sunlight

79:28:3 Start -0.3 deg/sec pitch rate for second control point
landmark sighting

79:33:05 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

79:42:30 Acquire Goldstone signal

79:42:51 Acquire Madrid signal

80:06:52 Start -0. 3 deg/sec pitch rate for pseudo landing site
sighting

80:11:21 Terminate pitch rate, roll 180 deg, inertial attitude hold

80:18:41 Enter lunar umbra

80:32:00 Begin IMU realignment

80:54:28 Lose Goldstone signal

80:54:50 Liose Madrid signal

Lunar Orbit (Continued)
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Table I. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec) Event

81:00:00 Maneuver to landmark sighting attitude, local attitude
hold

81:04:48 Enter sunlight e

81:12:25 Start -0.3 deg/sec pitch rate for first control po1nt
landmark sighting

81:16:54 Terminate pitch rate, maneuver to landmark slghtmg
attitude, local attitude hold o

81:26:53 Start -0.3 deg/sec pitch rate for second control point :
landmark sighting

81:31:22 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

81:40:51 Acquire Goldstone signal

81:44:48 Start -0.3 deg/sec pitch rate for third control point
landmark sighting

81:49:17 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

82:05:08 Start -0. 3 deg/sec pitch rate for pseudo landing site
sighting '

82:09:37 Terminate pitch rate, roll 180 deg, inertial attitude hold

82:17:17 Enter lunar umbra

82:30:00 Begin IMU realignment

82:52:49 Lose Goldstone signal

83:00:00 Maneuver to landmark sighting attitude, local attitude
hold

83:03:24 Enter sunlight

83:10:42 Start -0.3 deg/sec pitch rate for first control point
landmark sighting

83:15:11 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

83:25:09 Start -0.3 deg/sec pitch rate for second control point
landmark sighting

83:29:38 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

83:39:13 Acquire Goldstone signal ‘

83:43:05 Start -0.3 deg/sec p1tch rate for th1rd control point

Lunar Orbit (Continued)

landmark sighting
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Table I. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec) Event

Lunar Orbit (Continued)

83:45:31 Acquire Honeysuckle Creek signal

83:47:34 Terminate pitch rate, maneuver to landmark sighting
attitude, local attitude hold

84:03:24 Start -0. 3 deg/sec pitch rate for pseudo landing site
sighting

84:07:53 Terminate pitch rate, roll 180 deg, inertial attitude hold

84:15:54 Enter lunar umbra

84:25:00 Begin IMU realignment

84:45:00 Maneuver to darkside and solar corona photography
attitude, local attitude hold

84:50:47 Lose Honeysuckle Creek signal

84:51:14 Lose Goldstone signal

85:00:00 Maneuver to orbital navigation photography attitude,
local attitude hold

85:02:00 Enter sunlight

85:37:00 Pitch 40 deg, roll 180 deg and continue orbital navigation
photography, local attitude hold

85:37:06 Acquire Honeysuckle Creek signal

85:37:35 Acquire Goldstone signal

86:14:30 Enter lunar umbra

86:16:00 Roll 180 deg, pitch up for IMU realignment, inertial
attitude hold

86:30:00 Begin IMU realignment

86:49:05 Lose Honeysuckle Creek signal

86:49:35 Lose Goldstone signal

86:50:00 Maneuver to lunar observation attitude, local attitude
hold

87:00:37 Enter sunlight

87:35:27 Acquire Honeysuckle Creek signal

87:35:54 Acquire Goldstone signal

87:53:00 Terminate local attitude hold, start inertial attitude
hold

88:13:05 Enter lunar umbra, begin IMU realignment

88:47:25 Lose Honeysuckle Creek signal
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Table L

C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec)

88:47

89:06:

90:00:
90:10:
90:30:

90:40:
92:00:

92:15:
97:10:
97:20:
98:00:

98:10:
98:30:
99:00:
:00
99:20:
99:50:
:00
106:10:
106:20:
106:50:
:00

99:10

100:05

107:05

:53
88:50:
88:59:
89:04:

00
12
02

53

00
00
00

00
00

00
00
00
00

00
00
00

00
00

00
00
00

Event

Lunar Orbit (Continued)

Lose Goldstone signal

Maneuver to TEI burn attitude, inertial attitude hold
Enter sunlight

Initiate TEI burn

Transearth

TEI cutoff,orient to vertical (+ X down, + Z, forward),
inertial attitude hold

Orient to IMU alignment attitude
Perform IMU alignment

Complete IMU alignment and orient to navigation sight-
ing attitude

Perform star/lunar landmark navigation sightings

Complete navigation sighting and orient for PTC tumble
mode

Establish pitch-roll hold, initiate 0. 2-deg/sec yaw rate
Complete PTC and orient to navigation sighting attitude
Perform star/lunar horizon navigation sightings

Complete navigation sighting and orient to IMU alignment
attitude

Perform IMU alignment

Complete IMU alignment

Initiate spacecraft midcourse correction

Orient for navigation sighting attitude

Perform star/earth horizon navigation sightings
Complete navigation sighting and orient for PTC
Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
Complete PTC and orient to navigation sighting attitude
Perform star/lunar horizon navigation sightings
Complete navigation sighting and orient for PTC

Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
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Table L. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec) Event

Transearth (Continued)

116:00:00 Complete PTC and orient for navigation sightings

116:10:00 Perform star/lunar horizon navigation sightings

117:00:00 Complete navigation sighting and orient to IMU alignment
attitude

117:10:00 Perform IMU alignment

117:30:00 Complete IMU alignment

118:00:00 Initiate spacecraft midcourse correction

118:10:00 Orient to navigation sighting attitude

118:20:00 Perform star/earth horizon navigation sightings

118:50:00 Complete navigation sighting and orient for PTC

119:05:00 Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate

128:50:00 Complete PTC and orient for navigation sightings

129:00:00 Perform star/earth horizon navigation sighﬁngs

129:30:00 Complete earth navigation sighting and orient for lunar
navigation sightings

129:40:00 Perform star/lunar horizon navigation sightings

130:10:00 Complete navigation sighting and orient for PTC

130:25:00 Establish pitch-yaw hold, initiate 0. 2-deg/sec rollf.v rate

140:00:00 Complete PTC and orient to navigation sighting attitude

140:10:00 Perform star /lunar horizon navigation sightings

141:00:00 Complete navigation sighting and orient to IMU alignment
attitude

141:10:00 Perform IMU alignment

141:30:00 Complete IMU alignment

142:00:00 Initiate spacecraft midcourse correction

142:10:00 Orient to navigation sighting attitude

142:20:00 Perform star/earth horizon navigation sightings.

142:50:00 Complete navigation sighting and orient for PTC

143:05:00 Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate

148:50:00 Complete PTC and orient to navigation sighting attitude

149:00:00 Perform star /earth horizon navigation sightings
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Table I. C-prime Lunar Orbit Mission Event Sequence (Continued)

Mission Time
(hr:min:sec) Event

149:50:00

Transearth (Continued)

‘Cﬁomplete navigation sighting and orient for PTC
150:05:00 Establish pitch-yaw hold, initiate 0. 2-deg/sec roll rate
155:50:00 Complete PTC and orient to navigation sighting attitude
156:00:00 Perform star/earth horizon navigation sightings
156:30:00 Reorient and perform star/lunar landmark navigation

sightings

157:00:00 Complete navigation sighting and orient fér PTC
157:15:00 Establish pitch-yaw hold, initiate 0. 2 deg/sec roll rate
167:30:00 Complete PTC and orient to IMU orientation determination
168:00:00 Complete IMU orientation determination and orient to

IMU alignment attitude
168:10:00 Perform IMU alignment
168:30:00 Complete IMU alignment
169:05:00 Initiate spacecraft midcourse correction
170:00:00 Perform IMU alignment »
170:20:00 Complete IMU alignment
170:48:32 Orient to separation attitude
170:50:32 CM/SM separation
171:05:32 Entry

34



*A19A1300d80a ‘URIPIISW YITMUIIIN 9y} WOJ] }S€d pue
1ojenbs a1y yo paou aanrsod parnsesw axe apnyrSuol pue apninel {prosdi[(e asusasyaz 1ayds1 g 2y} 03 302d8a1 YjIm painsesw st ovsa_u~<*

ploy apnyje

[eo0[ ajeutaIay, ¢ 6LF Py 8°S¥- 0°08F 0°0 0°0 6°591- $°6 S 66 uing ITL 3eiug 1€:05:20
PIoY
2°6L1- 970 €S- 0°081 0°0 0°'o 8°24- §°2¢ £°¢0T apninze [edof uidag SETT:00
pPloy 1enlaur z°6L1- 9°0 €°ST1- 0°08T 0°0 0°0 £°¥s- §°2¢ £°¢0t uonIIsuUT J1q10 yrey 0Z:11:00
sjuswuwion) {Z3p) (Zop) {Fsp) {(F=p) (Bap) TFop) (3ap) (8ap) (1w u) [UEYNC Jesiuturiay
yDo VOW voI 1oy Mmex uyid *pn1duoT  4opniue] $IpnIInNy swt], Uolssiy

sa{duy Jequuin NI apnINy uonjIsod stydessoan

TejuoZ1a0Y 1€20T

31910 y3aey (e)
eje( 9pn3i3y 3yeadededg °II a1qe]

35



s9s/8ep 7°0 3¢ 110¥

231 19anauew 239 /8ap g0
PIoY tenzou; uilieg

2301 1aAnauwwy 298 fBap g0
s9s/Bep 2°0 3 1IOU

2381 1aAnauwiu da8/3ap 60
pProq tensouw uiBag

23%1 3aAnauewt 238 /83p g 0
PIOY T¢1340Ut onuUuCD

PIOY [1319UT 2NUNUOD

PloYy [eI3xaul anuijuor)

2121 1sanauwwt 298/83p g0
PIoq Tenouy uilleg

2je1 19anauwwi 238 /89p g0
aes/8ep 7°0 % [T0W

Ploq [¢RIUY InUIUOD

Ploq repzout uleg

23l J3Anaunu uo-\uov 0
298 /8ep 7 °0 ¢ TI0W

21e1 1aansuww d9n fBap 60
Ploq renour uifeg

a3e1 zaanauwws 228 /Bap 50
PIOY TRIIIPUI SNUITOD)

P10Y [e13I0UT ONUIUOD

P10Y [¢13I9UT $NUNUOD

a3ex I9anauew 299 /83p G0
Bap g8} 1102 uilag

PIOY Te13IOUT ANULUOD
oprinie QNI 10§ §ap gp 1104 uBag
P1oYq renIour utfog

PIOY TeNI9UI INUIUOD

pioy renazsut wieg

Ploy pensom uileg

2381 1sanauww dos/Bap §
23wz 19anousws de9/Bop ¢

3} 0§ == IDUL}ISIP uoryesedag
p1oy [ensaut uidag

PIOY TerIoul

pajenuns joU jjond 3® POy rEIIIUL

SIS WILIO)

€°€9- 0°06
079§~ L88
0°9§- L°88
¥°z- 0°06
9°29- 0°06
L'oL €°ETT
oL €€
soL §°21
s°oL [ 34431
s'0L yeat
s'oL ¥ i
s'0L ¥ 218
5oL [ 243
¥'0Zt 0°06
009~ 0°06
1°59 9°211
1°59 9°211
6°€1 0°06
€95~ 0°06
6°€2- 8°1L
0°'¥2- 8°1L
1°LS1- §°s2Y
1ULST- §°STY
0°Ls3I-  s°s21
0°L§¥-  §°s2
0°L51-  §°S%T
[ N%1 [N 11
0°€2 $°521
0°89 [ 141
1°89 §°521
0°0z- 8°9¢1
0°02- 8°9¢1
¥'¢c8 S ¥El
g oL- L°0%1
8'0€1-  L°OF}
Z°6%- €69
2767~ £°69
818~ LSy
818~ Los¥
%)  T¥3p)
Md eyl
Ghg 0F
s3(8uy oo

¥6¥- L7201  o0'081 0°06 8 LLl 8°¥6-  §°T¥- §°92- §°€T- €776~
8°2s- 2°L0F  0°6LI-  6°LS 9°¥LI- €€V~ 0°6- 8°8¥- 8°6%-  §5°2E%-
L7275~ 2°L0T  §°6LI- 08§ 9°¥LI-  €°€1-  0°6- 8°8¥- 8°61-  §'ZEI-
11 F°€0FT  Z°6%1-  6°88 8 L1 FAd 2N 0 § o 0°88- §°£2- 866~
S LY- 6°201 0081 0°06 8°LLt [ AN A § A 0°82- §°'€7-  8°€6-
L'0S 0°L01  ZT°6LE 6°95 [ 1°81 1°¥07 Ead 7% SN e £ 4 ¥ 021
S 05§ §oL0F €°6LT L°9s [ 18 1401 2°FLI- 0 ¥-oz1
9°0S L°S0F  0°08T ¥'8s [ 41 8°81 67501 6°2LY-  S°E¥ 0°81}
5°0$ 8°S0T  0°08¥ ¥°8s 4 8°87 6°507 6°2Ly-  SE¥ 0°81%
¥°0S 8°'650F  6°6LF-  €°8S S ‘¥1 8°81 6°501 6°2Ly-  S'E¥ 0°817
€°0§ 8°S0F  8°6L¥-  2°8S [ 41 8°81 67501 6°TLYI~  SE¥ 0°811
€05 6°501  8°6LI- 1°8S [ 4! 8°81 6°501 | 6°2L1-  S'E¥ 0°811
2°0S 6°s0F  L°6L1- 0°8S [ 41 8°81 6°s01 6°7L1-  S'E¥ 0°8tt
2°SET k2 £') SRR 4 ¥°98 $°2- yUee- 1°9€- L°9%} 22~ 1766~
6 ¥~ 6°c0l  0°087 0°06 S LLY Tree- 19e- [ 14 7°€2- 166~
1°2y L°s01  S°LLl 0°8s 6°91 0°8¥ Loty LT¥9T- L'WY 8 111
81y 8°501  8°LLY $°LS 6°91 0°81 L 01 L°¥91-  L'WF 8118
14} 6°'s0y  £°¢ 8°¥8 6°2- g8 gz~ 1°62- 6°6€1 9°zz-  §°901-
¥9e- L°S0T  0°087 0°06 PoLLY 8°82- 1762~ 170¥- 922~ §°901-
8°0€- 1°96 s°6LY L°9§ 8°LSt 5°92 z°er 8°06- 6°61-  L°6L1
9°0€- ¥ 96 0°08% S°LS 8°L5% §°927 272t 8°06- 6°61~  L°6L1
2°8L1 8°II8  6°E¥- 2709 1€ 9% 0°¥21 L°89 6°8S ¥°98
1°8L1 8111 6°€¥- 6°65 PreEr- 9°% [l £4] L°89 6°85 ¥°'98
8°LLY 8111 8'Eb- 8°8S 1U2E- 91 [ M £4] L°89 6°85 ¥°98
S LLY 6°111  LEd- 0°8s ¥UIEr- 91 0°¥21 L°89 6°8S ¥°98
¥oLLy 6°¥1T  9€h- 9°LS 1UZEl- 971 0°¥Z1 L°89 [%¢:1 ¥°98
0°¢- 0211 9°9¢1 2°9¢ 6°LY 9°1 0°%2r1 €°¥11- 678§ ¥°98
2ve- 0°2¥1F  L°9€} 2°ss 6°Ly 9°1 0°¥2y €°1E8- 6785 ¥°98
LU 0'2Z¥r  2°8L1-  9°FS 6°2 9°7 0°¥21 €°951- 685 %98
0°1¥ FAt4 3 SEEAY YA N A 11 6°2 9°% 0°¥21 £°95T-  6°8S ¥°98
8°LS- 8°¥SF  £°€L- 6°T¥ 8°6€T 0°¥I- 0769 8°¥01-  6°L¥ ¥°691-
2°85- 9°SST ¥ °¥6- 6°¥1 86¢t 0°%1- 0769 8°¥01-  6°L¥ ¥ 691~
14 17623 8°0- 0°0 £°0- 6°€- L°LOt €°0L1 z'99 97023
L°98- 98 0°09 ¥ 0¥ 6°221 9°2- 2°191 z°0 6°9¢ 0°6€
L9¥1- 198 00 S°6¢ PLLv- o 9'2- 27191 Z°09 6°9¢ 0°6¢
€€~ £°€6 0°087 s*o¥1 1Ll 9°2 8°81- 2709~ 6°9¢~  0°1¥I-
6°2¢- 0°€e6 0°081 07091 1 LLY 9°2 8°81- 2°09- 6°9g~  0°1¥I-
0¥y~ €°0$ 0°0 0°06 8'6L1-  6°%¢ s°0L- 8°s ¥°99-  L'€9-
[V £ A £ °0S 0°0 0°06 g°6L1- 6°¢ sToL- 8°S ¥°99- L7€9-
o] %) (98] T¥ep)  T%op) [¥ep) 359 ey [  T8epT
ud €9yl md AZLLAY ¥Do VONW vl 1oy mex Ya3td
TGO O3 qaeq o3 sopsUy Spramiv
sar8uy 001 sa18uy Yoo Tequno NI Te149U] D103

01d W%

D1d 10} weixo ‘eunydis uonediavu ayeduwor)
sRunyBs uoneBravu HES WOFIIL

sBunyfie woneBiavu 10 JuINI0 (DL 91efduie)
21d ¥®Is

n1d 10} wauo !sBunyfis uonediavu agerduw)
! sBunyySis uonyedravn HYS WI0JI¥g
s8unydie vonyediavu 105 WIQO

UOI3O91105 ISINOOPIW Mwntup

¥ ITe AW Siepdwon

JusumSIre QW] WI03I3g

uoTIRIUIII0IL

uifaq ‘sSunyBis uonedanu erdwo)

sButy®is wonedravu g wWoyIag

sSuid1s goreSiavu 103 justro (DL Nedwo)
21d WIS

N1d 105 warzo sBuiySis uvoyediavu serdwor
sSunydie uonefravu YIS WIOII9d

s3unjqfie uoneBiavu 10j JuUILIO DI #IepuK)
Old ¥

~1d 307 Juetzo !eBunydis vonediava ejerdwo)
sBunySie uonwBiavu THS WIONIIJ

s3unqSte uoryediaru 10) WOLIO

UO13031100 FMINOIPIWI FJRIFIUY

wsunfie NWI @191dux)

jusumsire NN Wi0yIdd

wsumBire W 30§ MILO

3 e aNg #1e1dwo)

juaumfipe W] WLI0jI9g

sBunysts vonediavu aardwon
sBunyqdts voyeliavu YIS WA0JISG
Buryfie uoryefraeu oy WAIO
GAI-§ Jo3tmows ATeando
12ANIURW FAISEAT

8op 09 daneSou [0y

8ap 081 WNd

uorzeredas WSO /HAI-S

sprinjze uopjesedas o3 JudLI0 WSD/HAI-S
Pioy sprynje [edof urfeg

T30 1L

JUSAT

00:§0°5¢€
00:05:¥€
00:02:¥¢
00:01:%¢
00:571:62
00:00:62
00:07:82
00:01:82
00:00:82
00:0¢:L2
00:01:L2

00:00:L2
00:0£:92
00:02:97
00:60:L%
00:05:91
00:00:9}
00:05:5%
00:50:0%
00056
00:02:6
00:0%:6
00:00:6
00:0¢:8
00:01:8
00:00:8
00:0¢:L
00:01°L
00:00:L
00:01:9
00:00:9
£¥:L0:S
1 2171113
£2:22:¢
ehi1Zie
£¥:02°¢
triolit
£€0:95:2
£¥:66:2

EELHGIT#
JwIl] UOISSTI

zeunysuel] (q)

evlR( 9PMINIV Iyeadededg Il @1qelL

36



PIoY [e13I9uT dnupuOD) S E€T 8 Lt 2°S1-  6°L6 q31e jo suy oN 9°¥t 6°9 0°593- ¥ 993 2 4 4 €°26- uing -107 eenIUl 62:20:69

POy Tenidaul onUpmoD g gey 8 Ly ¥EE-  S°ELT §°02- L°26 9°¥ 6°9 0°91-  ¥°991 [ 3 47 £°25- ¥ H® nyg e3srdwon 00:5€:89
P10Y Te13z0uT
‘OPrIIIe uIng [0 U PAuMOjIed G ¢E} 8°L¥1 2°sL¥- 0°¥L1 soz- 8°76 9°¥1 6°9 0°s9¥-  #¥°9971 (3 27 £°25- jusumdire NI Wxojie g 00:51:89
91w 12ansurw 33s/83p 50 0°0 0°06 6°61 ¥°z6 £°€27 6°L21  L'S9T Ly 1T 0°9L- 261 L9y juoumBire NI 10} JueII0 (D 1J *3ejdwo) 00:50°89
oes/Bp 270 1IOW 00 0°06 6°6 ¥°28 | 44 Ly LS9y L¥- 177 - 0°9L- 7763 Lo9¥ old Heg 00:5€:99
PIoY [¥pseul snunwo) ‘027 6°06 1621 218 0°LIY-  L°L2Y  9°s¥ A A B £ 4 0°%91 261 Lo9¥ e 0 eredun) 00:02:99
PIOY [enleul snunuo) 0 °02) 0°06 77821 6°08 0°LI¥- LTl 9°S¥ Ly 102 0°¥9%1 2°61 Lo9¥ ol NWT wrojIeg 00:00:99
PlOY [YHI0Ul ‘[0z s@wIWAsL 0 °0Z} 0°06 6°LZr  S°08 0°L¥F- LT 9°SY LY 1T 0°¥%91 2°61 L9y o1d e1epdurny 0030559
ses/Bep Z0 W NOW 270 0°06 re 9L 6°22% 2°02r E'S9T [ £ SO B £41 0°9L- 2°61 L1'9% o1d WeE 00:0€:19
PIOY (120Ut enuyiuod 006~ | 4] ¥'S5L-  2°8S T°¥ST-  9°6L1  0°86-. 89 27001 1°s2 8°02-  6°0%1 21d X0} WO 00:S3:19
P1OY [*1iieuf onunymon 06~ ¥ ¥'sL-  0°8S 8°EST-  L°6LT  0°86- 8°9 Z°L0% 1°s7 8°02-  6°0F UOHI8II0D SEIMODPTUI SIWTIIUT 00:00:19
PIOY T*HIIOUl onUpuG) 0 °06- s°¥9 ¥sL-  LoLS €°€5%-  L°6LT  0°96- 8°9 z°L08 1°52 8°02-  6°01 uoundire AW s1epdwo) 00:0£:09
PIOY [e1320u1 ‘LVWANSITA
71071 03 oBuwy> ‘89p 06 YNId 006~ [ 2] ¥'sL- 9°Ls FUEST-  L'6LF  0°86- 8°9 z Lot 1°52 8'02- 601 JuoumBire NG WI0jIe 00:5¥:09
93ex avansuww 228/83p 50 § P9~ 6°06 9°9§~ €°207  6°6LI- 868 8°LLY 7°9€-  8°9¥- 8°22- ¥°ez-  s°g8- jueunBie QT 105 WeLs0 (D14 seduny) 00350:09
P 2 °0 I® (10" 9°'¥9- 0°06 L°SS- € °Z0¥ 0°087¥ 0°06 8°LLy z'9¢- 8 99~ 8°2¢- ¥gez- 588~ 2ld =S 00:50:8%
93v1 zaansurw d98/80p G0 ¢ 593 8°59 6°6LT  €°LS 6°0 S°8LT €°111- 90 8°S€T- L7621 6°61~- 0°0t Dld 03 wwetrio !eBurmydis uopeSiaru syedurnn 00:0§:LS
Ploq Tepzour mifeg ¢ °G9} 8°s9 0°081 §°LS £°0 L'8LY  €°111- 970 8°SEF-  L°621 6°61-  0°0T Buniqdie vonesiave I J2od 00:00:L§
oywx zeanauvw d98/89p 50 Z2°97] 0°06 7°s21 §°zoT L°0 0°68 Pz L°SE-  €£°5¥- 6°SS¥T ¥°€Z- 6768~  sPupqie uoneRiavu Joj Juspe ID1d PIerdu) 00:05:9¢
oes/8ep 7°0 I [IOW  Z°¥9- 0°06 8°25- ¥°20T  0°081 0°06 6°LLt L°SE-  €°5¥- 1°¥2-  ¥°62-  6°68- ol1d Heg 00:50:8%
@yea zsanauew d98/83p 50 }'0- £°8% £°€1-  €'0L 6°6L1 §°LS L9 6°1¥ 9% FLIT-  €'0E-  ¥'S9T D1d 103 uetzo !sPunydy reSiaru nyerduny 00:06:L¥
Ploy enzout uieg  §0- £°8S £°€1-  ¥°OL 0°087 S°Ls LoI¥ 6°1¥ 9y ¥OLIT- €£°0€-  ¥°591 sunyqlis uoneBavu HIg wMojIeg 00:02:1¥
#1es 1sanaurws dasfSap g0 8°¥9F ¥°89 6°6L1  0°LS 1o Z2°SL 6°601-  ¥2- 1°5€8-  1°0ET 1°61-  6°9 sBuniysis uonesiavu 10 JusliQ 00:01:L¥
PIOY [e1izaur snunimod g ‘¥9y ¥°89 6°6LT  0°LS 170 7SIy 6°'60F-  ¥°Z- 1°5€5-  10€) 1°61- 6°9 0381103 SEINCOPM I3wpUL 00:00:L%
PIOY [e13I9UL SRUIOD  § P9} €89 0°081 Z°L§ 0°0 €°5LF 67601  ¥°Z- P°SET-  1°0€E F6F-  6°9 ¥ i g Medwon 00:0£:9¥
PIOY [¥13aouf nunuod g '¥9) £°89 0°'08F £°LS 0°0 ¥SLT 6°601-  ¥°z- F°SEI-  170€} 161- 6°9 weumBie NI uE0510g 00:01:9%
P1OY [®i349U1 SnUpUOD g °¥9] €°89 6°6L]  €£°L§ 10 $°SLT 67601~ ¥°2- 1°S€5- 1ot} 1'61- 6°9 s$unyls vonsSiavy s3edur) 00:00:9%
Ploy enzeuy uileg g ¥9y €°89 0°08T S°LS 0o 9°6LT 67601~ ¥°Z- TUSET-  1U0€Y 1°61-  6°9 nqss fravu 11§ J19g 00:01:5¥
9ex saansuvw J9s/Bep g0 6z~ 0°06 L8 6°20F 8°811- ¥°88 8°L18 8°%e-  9°7p- §°98- §°€2-  £°26-  sBunySie voneSiaru 103 Juorso 1n1g eierduwron 00:00:5¥
oy (¥p]  TISP) 9] %P1 Psp] TESP] T¥op) (¥50) (L Wep] [%3p] T¥H) FEIAT SeeiutarT
g wjour md oYL nud eyl VDO  VON ¥or oy sy g swity uoIssIN
ung o3 UOOW 03 Wavy 0 ofuy PRIV
so18uy Yoo so(8uy Yoo ' so18uy oo TequIo AWK Te1490] D113u93090)

(ponuijuon) zeunisuexy] (q)
®lR(J 9pPNillly 3yeaoadedg -II o1qel

37



PIOY (w13IaUT InUIO)
P1OY [wrMIaul snuimon
ProY Tepzaur mbag

23wz youid oes/Bap ¢ *0-
ployg tesoy utfag
PIOY [®20] anujuo)

ploy tedo] urlag
P1oY [e20] anuiyuon)

p1oy [®00] snunjuo)y

pIoy [edo] widag
PIOY [®1312UY InuUUOD
PIOY [w1319u1 nUTITOD

Pioyq pehitaut uilag

392 qo5d [enuvuz uilag
Ploy 1001 Inupuo)

P1oq [wo0] Wiag
PIOY [¥1I3T onujimos
P1OY [*13220] enuTmOD
P1OY [®}0U] ONUTITOD

PIOY (w3190t mBag
P1OY [¥1329UT 9nuUmOD)

Ploy [enssur uideg
PIOY [®I3IaU] Inuljuo)
ploy [¥13aaur Inujuo)

prog (eraau; wifag

ploY [®20] Inuluoen
plOY tea0] anuuo)

P1og [woo] uifeg

PIOY [¥1329Ul @NTHUOD
P10Y [¥1312uY Inuiguo)
PIOY [®}332U} anuyiuo)
PIOY [*1339UT @nupjuo)
pioy pennasur uiiag
proq terzaum utfag

U0

L 4 TE£06L

LWLV L0t

99 £°69
6’8 6°s
¥ap) ®ap)
-mn oYL
YITUpa¥T] Of
sa18uy oo

w31 jo sury ON
wi1s jo suyy ON
$°I11- S°LIT

2°62 8 ‘851
1€t (A YA
L°503 €°69%

§°0L Z°691
Z°69%  9°0L
B1s yo surp ON

4818 jo vur oN
wBe jo sull ON
wWB1e Jo sury oN
9°01-  ¥°901

6°E1- L2Et
1°291- 8]

0°891- 67121
2°593 ¥9ET
2°991 ¥9ET
2°591 § “9€T

WB1e o Ul ON
14818 jo aurf ON

19818 jo sur ON
wB1e jo sul oN
w818 jo suty oN
61— SIT
8°¥9T- S LET
Le¥SI- 9°22

818 yo surf ON
w818 jo sull ON
wB1e Jo auyl oN
qB1e o auty ON
[ 34 8 °L¥l
€2~ 8°L¥t
LWL 8°Lvy
Wepy ¥ep)

™d BL

ung o
sa18uy Yoo

6°2LY  1°0¢d
6°2LY 67621
6°2LY  L°621
L [ 34
§°L1-  ¥°81
8°5- 9°0L
B1e jo suy oN
w318 jo sur oN
wWB1s jo ourf ON
S°S 9°%8
| 20 72 SR & i 4 1
L2078 SR 1} 4
S°ILY 6 °6ET
0°¥LY  TUEVE
6°691  0°€E
suR ON
Uyl ON
Ul ON
wB31s jo suyt oN
¥#1s jo ouj ON
818 jo aur] OoN
2FLT 17601
€€y 0%
€ELT b€
€€LT LTE
¥'991  ¥°¥e
wB1s Jo aur ON
wWB1e jo aulf oN
818 jo vurl ON
LY 0°E6
Pl 0°E6
2P £°26
4818 jo aurf oN
e jo aurl oN
®3p) — #9p)
Nd w2
yjiey oL

sa|Buy yoo]

0°08Y 0°0 L°091
0°081 0°0 L0971
0°'081 0°0 L°09%

[ ] 00 9811~
0°0 00 7Le-
00 (] £°0¥1 -

0°0 00 Loeel-
0°08F 0°0 9°Le-
0°08F 0°C £°0

0°08F 0°0 6°¥1

0°08% 0°0 [ 144
0°08F 0°0 £°6¥1
0°08F 0°0 €°6¥1

0°08F 0°C 1°9L1
0°08F 0°0 9 ‘€01~

0081 0°0 6°6L-
0°0 00 0°08%
[] 00 0°08%
0°0 0°0 0081

00 0°0 0°0871
0081 0°0C 0081

0°081 0°0 0°081
07088 0°0 9 °¥91
0°08% 0°0 9°¥91
0°087. 0°0 9°#91
0°08F 0°0 6°56-
0°081 0°0 6712

0081 0°0 8 "9¢

§6L1- 679 0691 -
S°6LI- 6°9 0°s91-
§°6L1- 679 07893~
ST6LY- 6°9 0°$971-
§°6L3- 679 0°s91-
S0 6°9 0°¢91-

YOO _VOW vOI
e5{Buy [equitD

ONI

0°91-
6 1%
1°29-

0°s
0°%
0°06"

0°06~
0°06~
0°06~

0°06-
Pere-
27gs-
vo2L-

§'25-
§°2S-

§'2s-
8°6L1-
L 6LT
L2121

9°101
896

9°tL

Sy
§°6Z-
0°S¥-
0°s¥-
0°S¥-

0°5¥-
(333
€°S
£°s
0°¥IE-
0°811-
9 LY~

yaug 2prrfuog

0°08F 0°0
0081 0°0
0°08F 0°0
00 00
0’0 00
00 0%
00 0°0
0°081 00
0°081 0°0
0°081 0°0
0°081 0°0
0°081 0°0
0°'087 0°0
0°085 070
0°08F 00
0°08F 0°0
00 0'0
0’0 0°0
00 0°0
00 0°
0°081 0°0
0°08F 0°0
0°085 00
0°081 0°0
0°081 0°0
0°081 0%
0'081 0°0
0°08F 00
S6LY- 69
S°6L1- 69
S°6L1- 679
S'6L1- 679
S'6LE- 679
$0 679
(F5p) (Bep)  (B3p)
noy  mex
PRIV

{®INOZIIOY (€207

P2 z 1 8°LS
¥°01 L°L 6°LS
S ‘ot [ ] 4 6°LS
8ty 17 1°89
L°¥L ¥°s- € °89
¥°911 L i 4 8°8S
§°e2l 6°11- 6°8S
L6217~ z°0 8 °8S
€ °20%1- 8" % "8S
L°L8- ¥'s £ °89
6°01- 8 °01 8°LS
¥'n ¥°L 6°LS
S ‘0t ke 4 0°8¢
€°LE 8°2 0°8¢
T°LYY €18 8 °8S
€1yl £°28- 0°68
1691 603~ 0°6%
9°691 801~ 0°6S
[ £4 5 |3 6°68
6°281- s'¢ 1001
7°801- s S ‘¥O¥
1°68- L8 ¥ 9un
0¥~ 6°01 2°891
1°0 9°6 Z2°L91
L 61 s°9 ¥ 097
¥ 811 °1 9°LL
[/ %4 Bt 1 668
8 °80%1 - [ 4 0°¢0V
8 °801- ke 4 0°€0%
6°0 9% €191
6°0 9% €°L91
ST6TT yri- Lo
9°€23 LoVE- 1°sL
¥°8Ly L] & ¥ 68
Zap) (@ap) T u
apnyuje]

uoljieod diydeaSoualag

wawuiiivaz Oy uiBag
rIQUIN IwUN] I3H
23p 0§} 110X (2381 gojd NwuTWIIa]

2318 Juypuey opnasd jo
uoIjEN[eAS NIWMUpUR] 0] 3jex YI3td WS

IPIJIPE UOHIN[RAS YIFWIPUE] 03 IFANIUWH
WB1s Jo sur] NASW d3mnboy

AydwaSojoyd

uoryeSiavu |H1qi0 anuuod ‘Bap ogy Moy
qBuns 1oy

818 jo sur] NISW 980T

spuyiyye Aqdwa®
-030qd uopeS1AYG [BIIGI0 03 IFANITER

weuruSrear NI atBag

eIqum awumM| IIWH

Fop 0 - Y3 Yo31d TeNUTK SFETTUWIIIY,
AgqdexBozoyd

Tay Fieurpuw] 2318 Furpuv]
opnasd 103 #3wx yo31d (enowws jrwig

I8 jo auy] NASW »a1oboy

spmyrne AgdezSoyoyd
ot JIerpue] 03 3 N

Jomo uInqg TOPTILITMIILD)
UONWIIUT TINQ UOREEIIFMILLY
wIiuns xemy

apoyiye
uing TORETIIWMOIILS o3 8p 08} TIoW

81 jo Ul NASW 980T

fop 083 pafrex dasxe spmynge
uinq TIESTIR[OOIID O3 X W

mauradeas NNT ailiag

®IQUIN IeUn] 2I|H

pIoy {*riaaut uidaq (pToq 1207 JRUTULIIL
wB1s jo suT] NISW dImboy

qBrrune 1auy

apnanye Agdeadojoyd

PU® UCTIRAIIS(O IPUN] 03 I2ANAUTH

qB1e jo Jurp NASW 2807

jsswuBifeas NI mifag

BIQUUN IRUNY IIWY

810 jo sur] NISW 21mboy
uoyyestunwwod 10y §ap ogy 1109
#owd 1-1071

JuaaAz

00:0€:9L
62:12:9L
6¥:¥1:9L

0Z:01:9L
00:00:9L
T1:9¥36L

00:9¥:6L
00:6036L
69365°¥L

00:§5:¥L
00:0€:¥L
£9°7T:9L
€E:913ML

00:0¥:€L
€OSTEEL
£5:0€°€L
10:60°€L

00:50€L
81:€0 €L

00:5932L
00:L2:2L
Lyizzizl
00:§1:2L
$2:9€1TL
92:00:1L

€1:65:3L
£1:65°0L
Z5E¥ii0L
40 451173
02Z:0€:69
00:62:69
SE1T1:69

(oamiutwaiay)
swty

2yR(] 9pMI1NIY 3JeIO9ORdg

31q1Q 1eung (9)

‘IT @198 L

38



o3ux q3id des/Bep ¢ g~
Plog [ed0r nleg

8382 yo3id 208 /Bep ¢ “0-
P1o% ¥20] enujmo)

PIoY 1#30] wiBeg
o3w2 qo3d des/9ep ¢ ‘g~
Plog 1eso] wileg

3%z yoyd ses/%ep ¢ 0-
PLoy {ed0] enuguon
pIoy [eoor upleq

PIOY 191323UT JnUfuOY
PloY 1®Hi1au} onafuo)
PIOY [®132aT}] enuimon
PIoq Tvna0u] Tifeg

#3%3 goyd des/%ep ¢ *0-
PIOY [¥20] snupmon

PLoy [eoor wileg

93wz yayud dee/Bep ¢ "0-
P10y [¥20] Inuuo)y
PIOY [wd0] arleg

PIOY 1¥13X9Ul anupuoe)
PIOY [®3310u7 anuyzuon
PloY 1¥1319u1 onuyjuo)
PIOY [eR330ut uifog

@3ex yo3d ses/Bap ¢ *0-
Ploy 1¥20] anutjuo)y
PIoY [ed0] uiBag

a3wx yo31d oes/8ap ¢ °0-
PioyY [¥20] anunmo)
Ploy (wd0] wifag

PIOY [®1312Ul anURUOD

FHedrmon

€°8L1  ¥oe
LA TR S
$°691  8°0F

6°691- 6°¥¥1
€°€LY- 8°0¢
6°09F 89T

8°9§1 L€t

¥o 8 8L

¥6L3- S°0E

LWLE- ¥S¥T

e6L¥- L-0E
vz oL
TeuLi- 9°0e

(4 T2 S 1 1 4 4

8°62 1993
8°0¥ 87601
z°01 ¥°96
z°ot 9°%8
° ¥°9s

6°F 134

6°0¥ 9°st
2766 €°0¢
9°9s1 €92

xie jo sur] ON
#4318 jo auyy ON
qB1s Jo eur] oN
WIte jo aun oN
L°yE- 5°617

892 0°Lst
z2°07 -¥°58

Ve €°LS

L°v |3 4

6°9s31 9°92

wB1e Jo aull ON
318 jo auy oN
wBte o aury oN
15818 jo auny oN
9°¥1-  S°'811

0°82 6°LST
Z°0¥ ¥L8

[ hrd €°8s

S°PLE- LTOE  ¥°¥E 0°s¥
% LS
B1e jo ouy OoN
wBts jo aury oN
®p) (Fop) [ep) (%op)
Nd _ ®9qL md  wmayg
YIwupuvy oJ, ung o
ea18uy Yooy s318uy yooy

SuryySys yawwpuey

0°L- r6r 0°0 0°0 €°STI- 0°0 0°c 0°s 8°cy 5°0 0°8§ a3ts Buypuwy opnasd 105 33wz qayd Bwg
pritie SungSs yiwmupuwy
€°18- €S 0°0 0°0 Z°t9- 00 0°0 0°§ ¥°16 8°8- 9°8s 0} 13ansuvw fayex god agemrwia L
SurqBre y3wwpuey
S°LST-  8°E} 0°0 0°0 9°¢s- 070 00 075 1°s01 9°01- L°8s jutod yoxguod pag ro5 ajex yud uwmg
§°L91- ¥°S2 0°0 6°0 LIy 0°0 0°0 0°S zn 9°11- 8°8§ wB1s Jo sury NISI 2atnboy
apnyipe Jupgdis yavwpue
WisjoaurioN  0°0 0°0 8°21- 0°0 0°0 0°S 8°9%1 1ean- 0°6S 03 22anauwu {33e1 gond ajeurwrzaj,
: BunySts yawwpuey
WBsjosutioN  0°0 0°0 L°0 0°0 0°¢ 0°s L0917 €11 1°6S utod J033u0d puz 105 3wx Yoz uwg
opnaine Buglrs yawwpuwy
q81e Jo suy] oN 0°0 0°0 0°1¢ 00 [ 1] 0°s 6891~ 2°L- 0°6% 03 39anauvw {a3wr yod wunuIa ]
Suryydis y3vwupuny
WBs joSuUILON  0°0 0°0 9°¥¥ 0°0 0°0 0§ ¥SS1- LoH- 6°8S yutod [oajuos 38) 307 3wz youd xwyg
wWes joourioN  0°0 60 L°L9 0°0 60 0°s L°2E1 - 70 L8 yByuns 1oy
e josurroNn 60 0°0 z2°78 ] 00 o0°'s {2013 SR A 9°8§ pritne SurmBis yavwpuwy 03 W
W Jo Uty oN  0°08F 0°0 6°79F  0°091 0°0 699 6101~ §°9 S 85 B Jo SUYL NISW 980T
0°€L}  Z°OET  0°0B1 0°0 6°291 0°081 0°0 80 {3 0°z1 8°LS jmewnlnves g uikeg
0°€LT 0°'0E}  0°'08F 0°0 6°791 0°081 0°0 8'6E- ¥'8 8°L 6°LS TIqUEn Jwun] IRuF
PELT  8°62T 0°081 0°0 6°79F  0°08Y 0°0 §°29- S *0g 9°¢ 0°85 Bap 083 TI01 (33w Ya3ud sywuruIzag
BurySts yiwwpuw]
0°L- ¥ o°0 0°0 ¥'911- 0°0 0°0 0°s [ K34 L0 188 ay1s Burpuey opnasd z05 aez gy ung
§°L91- 9°§2 0°0 0°0 s°2¥-  0°0 0°0 0°s 9°L11 9°51- 8°8S #¥18 Jo our] NASW @3mboy
apnyine JurBis yawu
s josurioN o0°0 0°0 6°€1- 0°0 0°0 0§ 8°9¥1 7721 0°65 -pue] 03 zaansuRw {33 Yod RwuTwray
SutyySis yrwwpue]
Bis JosurioN  0°0 0°0 €°0- 00 60 0°s 1091 €°18- 0°65 jatod [osjuod puz 10§ s3ex g uwg
wB1e Jo 2wy ON o°o 0°0 9°L9 0°0 0°0 0°s LVER- 20 1°8% Wiyrme xug
Wi josurioN 0°0 0°0 z°89 0°0 60 0°S 1°1€1-  €£°0 L°8S pn3ne FurpyBis yIvwpu] 03 seansuvyy
¥ joousyoN  0°08F 0°0 8°191 0°08F 0°0 S°89 0°¢01-  ¥°9 S °8§ #1s jo sur] NASI 980
0°€LF  €°0ET  0°08T 0°0 8°191  0°08T 0°0 S°¥ §9¢- €2t 6°LS JuswmBriess AWT TSag
0°€Ll  6°62F 0°081 00 8°191  0°08F 0°0 L°¥E- ¥6 Lo 6°LS rIqUm 1wun| 1auy
G°ELF  8°6Z1  0°08F 0°0 8°191 07087 0°0 ¥°29- S °0¢ 8°€ 0°8s Fop og1 110 !a3es yojud ayeuwIzay
BurgBis yxwwpuey
1°L- (34 0°0 0°0 S°LII- 0°0 60 0°S 8°th 6°0 1°8% o3te Supue opnasd 105 ajex gayd wwMg
0°L91- L'¥Z 0°0 0°0. XE¥-  0°0 0°'0C 0°S 0°91¢ S ¥1- 8°8¢ 318 jo aury NISW damboy
\ apnytye FuiyBis yaiwuwpuwg
‘WB® JosuION 00 0°0 0°§1-  0°0 0°0  0°S 8°9¥1 z°2- 0°68 03 z9AnvuTW {33e1 yoyud ageuTwaIa]
BunySis yawwpueg
WAsjoouloN 00 0°0 vor- 0°0 0°0  0°S L7091 I 165 jutod joxjuod puz Jof syex yayud 31wyg
wMis JjoauyoN  0°0 0°0 9°L9 6°0 0'0 0°S L'0EL- 270 885 WBpme 13uy
wyis josuntoN  0°0 6°0 9°06 0°0 00 0°s 0°80T-  6°F S 85 apnyrse BungyBre yIwupue 03 J3anIueH
MBIe JoSUIION 0081 0°0 L°09% 07087 0°0 0'69 §°'201-  0°9 S '8 1818 Jo sur NISW aso]
®op)  (ap) (%2p) (¥9p) @op) (Fap) (Bap) (¥op) (85D} ®ap) o) Frercy
M™d  ®Ryl Y YO Loy _mex youg opnuBuoy  apmyey  apuingy
ey oL saiBuy [equurd IpNIRY uotjtsog drydeafousyag
sa1fuy yoo ant [®juOZII0H (20

80:50:28
LV:6¥%18

Ligedt]
15:09:18

2Z:E18
£5:92°19
¥5:91°18

S2:21%18
8¥:voi1e
00:00:78
057508
00:2¢:08
1¥:81:09
1Zir:08

2§°90:09
0£:2%:6L

SOEES6L

9¢:9Z:6L
Z1:90t6L
00:90:6L
26:95:8L
00:5E:8L
50:02:8L
S0sE18L

9£:80:8L
EVYILL

8¥iveiLL

61:0€:0L
SELOMLL
00:00:LL
0V:96:9L

swy,
TOIS ST

(ponunuop) 31920 eUnT (o)
BIR( 9pMI1I3V Iyerdadedg “‘IT I[qe L

39



PIOq [W}3x9ut snm oD WBs Jo U ON  @°WLE 8L 0081 0°0 0°1¥I- 0°08F 0°0 L'SI Ly LoL 6°Ls woumSipeas AN wrloq feIquum 2wUR] IANUY SOET:88
Piog [epsom uileq 0°89- 17651 ®°%L1  0°8L 6°081 0°0 0°I¥I- 0°081 0°0 0°S¥- $ %9 [ A €8s PIOY SPOIPE [¥O0] MNEWWLIIL 00:€5:L8
Ploy 1ed0] anupjuo) L°991- 1°0€V  8°L91  1°S2 0°081 0°0 8°L8- 0°081 0°0 O°SH- 6°LY8 8- 8°8S P1s jo U NISI 9amboy L2:6€°L0
PIOY [®30] enupuo) YULSE- 1Tz WisjosunioN  0°081 0°0 6°L3 0°08F 0°0 0°S¥- LosEl- 10 L°8s qByuns 13Uy LE:00°L8

pioyq [ed0] wmBag qSte jo sur oy Ws Jo AU ON  0°08F 0°0 ° }°0S 0°08% 070 0°SH- 0°¥01- 99 ¥°8s 2PTILIE UOHFRAIISQO IWUD] O3 IIANIUEW 00305298
ploy (en3aaut anunuoy wmBw JoaurfoN s JjosurioN  0°08F 0°0 6°S¥F  0°081 0°0 §'6¥ 17201~ 8°9 ¥°8S e jo ury NASW 3907 SEi6¥:98

PIOY I#13Iem] SnUTUCD Jq810 Jo UL ON  §°69F ¥ °0ST 0°08F 00 6°S¥t  0°081 0°0 0°0i- ¥z¥- [34] 6°LS wawmdtyes: g miag 00:0£:98
PIoy [vnzauy uilag WBs Joaurt oN 97691  1°'0ST  0°08F 0°0 6°S¥T  0°08F 0°0 §°7§- 8°0 [] 8°L§ ap g 'Ls yond iBap 091 T10d 00:91:98
PloY 19201 nunmen wBe jo surf oN  0°29F- 0°9s1  0°0 0°0 6°26 0°0 0°0 0°0FI-  ¥°S 8°L (1] eaqun Jeyny 193U [ ]
Ploy [wd0] anutjuod S°L91T  €£°92F  1°s- £°06 0°0 0°0 9°€51- 0°0 0°0 0°'0I1- €811 61t 8°85 P18 jo U] NISN °amboy 90:L5:50

AydezBozoqd uoryeliavu [931q10
Ploy 1e20] TiBeg 9°L¥1 67091 wMs joowmioN 0°0 0°0 €°€51- 0°0 0°0  O0°0¥I-  9°8IF 6°1%- 8°8S anunuod (3P 08} 1103 3P 0F YN 00:2£:59
P1OY 1#30] snuuo) 6°991- 0°1s  wiisjoaurroN 07081 0°0 7L 0081 0°0 O‘OL- Le¥EL- L] 8°8S whums 1ey 0032059
apngre Aydeasojoyd
PIoYq w00 mleg w818 jo our] ON WBis JoRuryioN 0087 0°0 [ 6°081 0°0 0°0L- L°821- ¥ L°8S 13efiavn [¥IGI0 O3 2 N [ ]
Ploy (#2301 enuue) wiis joauri oN wMhsjoaurioN 0081 0°0 S°SL 0°08F 0°0 0°02- S ‘201~ 8°9 ¥°8s B jo sur NASW 9901 viiISi8
apnytye Aydealojoud
P1oY tvooy wibeg wWBte Jo Ul ON O °FE 0°8sF  0°081 0°0 ¥ 0°088 0°0 0°0Z- 9°€8- L6 z°8§ TUOI0D IR[OS PUT SPISNIEP O} ISANIUTN 00:5¥:¥8
PIOY |F13I2UT INTVO) wWis o omy ON  Z'eL¥  Z°0¢t 0081 070 1°691  0°08F 070 ¥°0F- 9°12- €11 8°Ls jawadfeas npr mlog 00:52:98
PIOY [Wiaed] #nTEOD) s JosuILON  Z°gL} 0°0ET  O0°0BT 0°0 1'S9T  0°08F 0°0  8°LE- ¥°9 8°L 6°LS rIqum Jeany 1338y [ 10 ]
ploy [wnazeu; uilog L ‘g~ £°8L 6°FF-  S§°I21  ZTELY B°621  0°0BF 00 © 1°S9t 07081 0°0 1729 S *0f E 1 0°8S Sap 081 1102 !33e2 gad apeununra] €5:L0:¥8
Suyybie yaeurpue|

oz gopd dee/BIp £°0- 6°SLT ¥0E  8°¥2 2°sS1 6°9- | 34 0°0 0°0 - 0°0 60 0°S 8y €°0 8¢ apte Surpnve] opuasd 105 a3wz goyd Jwag ¥2:60°98
spramv Suryydis yivwpney

Ploq 18201 wi82G €691 1 SHT L °OF 8807 6°08- €°§ 0°o 0°0 ¥°99- 00 0'0  0°S %16 6°8- 985 03 xaansuwm ayer YONd sjsunUIIa] veLbics
Surgyiis yavurpuey

@jez yoyuud oas/Bep £ °0- Z°891 6°0¢ 270V ¥'56  LULsi- B°ES 0°0 0°0 . §°25- 070 00 0°S 1°501 L°01- L85 utod [043M0D PAg 07 3 Y HMg so:evicq

PI0Y [¥20] anutjuo) z-o1 0°'¥8  §°L9%- 0°S2 0°'0 0°0: 8°0¥- 0°0 00 0°S 6°911 L 685 wf1s yo aur] NISK damboy £1366°€8
n aspranye JugSis yivurpow|

ploy 18201 wi¥ed 0°691- 8 b¥I  €°21 ¥'ss  whisjosunieN 00 0°0 8°11-  0°0 0°0 0°S 8 '9¥1 1°2- 0°65 03 19ansuww tagex 4o3ud ejeUTwIIa] 0€:62:€9
BunyBis yawwpue]

ajex youd oae/Fep ¢ '0- L'2L1- 8°0E  2°S} 2°zv WMejosunoN 0°0 0°0 8°1 60 0°0 0°s 1091 21y 168 jutod f0a3m0d puz 103 23ed go3d awig 60:67:€8
spmymr Sunglts yavwpue|

ploy [woop wifed ¥°2Z9F 9 LFF €€V 6%yt WPimjosuyyoN 0°0 0°0 1e2E 0°0 0°¢  0°S 6°891- 0°L- 0°65 03 2sanauvw ajes Yoyud ajwunuzay 13i513E8
SupyyBie yawwpue]

a3e3 yoyd d9e/Bap g0~ 9°85F  €'6€  9¥OI  §°0F I joImyoN 070 0°0 L°S¥ 0°0 0°0  0°S ¥ ssy- [ 0°6S sutod joxgmod 381 103 ayex Yoid IMg ¥:013¢8

PICY [¥30] InupjwoD L*9§1 L°97 WHsjoaurioN 0°0 0°0 L°L9 0°0 00 0°S LUEEY- 2°0 8°85 Whune 12ug ¥ZIE0iE8

Ploy [roo] utleg 4818 jo aurf oN WBis JosuiON  0°0 6°0 1°8L 0°0 00 0°s 9 €21 [ 3 L85 apratie BurySis YIwwWpUN] 03 13AnFUTH 00:00:€8

PLOY [*133aul 20URWOD B Jo sull oN WB1s jo W[ OoN  0°08} 0°0 0°¥91  0°08F 0°0 1769 1°201- 89 ¥ 85 qB1e Jo 2uIl NASW 2901 6¥:25:28

PlOY 9133301 2nUUOD wWBs JoowmpoN  1'eLl £°0£F 0°08T 0°0 0°%91  0°081 0°0C €°0- [ £ 24 0°21 6°LS wwawudiyeas nWT utlog 00:0£:28

Ploy [¥1312T1 3nuyuo) Wi Jo suIT ON  T'gLY . OTOEF 07081 070 0°¥91 0°08% 0°0 B8°8¢- ¥eL L 6°LS TIqun Jeany 13Uy L1:Lnize
pIoy (epyaour wmifag 9 °j- 9 ‘8L 8°¥F- 57021 1°eLl 4 8621 0081 oo [+ £°1 4 0081 0°0 179" S "0t ¥t 0°8S Fop 087 110X a3ex yoyd agwoTwiIa L 1£:60328

JEIWwWWon Wepr Wep) 9]  Wep) (sp) Bepy (¥op) [Bep)  (op) 5p) (9ep 5p) Fop) g 7 yaeAg
Nd  weyp Mg w39y i ) VD0 _VYOW D1 oy mex  youd 3pnnluoy spminer  Ipnnly
Yawupawy o ung oL y3Iveg oL s3(8ay Tequiid PPIIRY uofjteod Siqderfousiag

s318ay Yoo sa1fuy Yooy saiBuy yoo] ant {®mozTIOH (€30

(penurjuo)d) 31qI1Q I'uUng (2)
vlR(] °9pMINly 3yexosdedg “°II @1qel

40



PloY [¥1339uUr InUIUOD
Ploy [e1313ur anunuo)
pIoy [®13x9ur uifeg

PIoY [®1322ut anunuo)

0°L6- 9°6
0°L6-  9°6
wB1s jo auyy oN
M81e Jo aurp oN

W31e jo aurg oN
qBLs jo aur ON
MBte jo aurl oN
B8 jo surf oN

6°6L3 9°0
6°6LF 9°0
6°6L1 9°0
0°081 0°0

0°2¥ 6°6L1- 9°0 £°9- 0°1s1- 0°¢- 8°8S
[ -4 4 6°6L¥- 9°C o0°JZ- L°9¢€8- 10 L°85
0°2¥ 6°6L3- 9°0  6°8¥- Z2°601- 8 § 8¢S
0°¥¥I- 0°08FT 0°0 L°171 [ 1+) & 0°L ¥8s

uang 1L ety

wIrune aaguy

PNII3T UINg [F ] OF IFAnIUTH
WB1s jo Iurp NISW 2807

20:%0%68
6588
00:05:88
£5:Lvi88

wIwroy ®ap) ep) ®ap) ®ap) ®ap) [CETY] &ap) (%9p) ®ap) @5p) ap) [LETY) Auuug Bap) (1w u) uIAg
¥ "oy g ®3YyL nNg 39y 1o mvx wud spntduog apnjiywe pn3IY
xum.:vuﬂ oL ung oa» ey uh so¥ay requin SpRItHY TON80d orydexNousieg
sa(8uy yoo] s318uy Yooy #3(8uy yoog anI TEOZIIOH [ed0]
(ponunuon) 31910 1RUNT ()
du.mg Umu.nﬂu~au< quHUOUNQm .HH OHQ—N.H_
. ’

41



+ ]
e 1sansuvui 338/83p 0 g'02y-  L°68 2°501 €°29 Lr- [0 13 SR ¢ 7 Y- €77 €L ¥°02 LSy sBupySie wonediavu 105 suelxe 1H1d Medwon 00:05:92%
dee/30p Z0 IO 0°0 0°06 ¥9gi-  €°¢9 €011 6°0€T  5°591 [ L2 ST 4] €L ¥'02 Les¥ o1d ¥%E 00:50:613
nv1 1eansuww 238/83P S0 ¥'093- 27291 0°0 7799 0081 6°LS 67121 2°s- €°811-  ¥°€E [ £ §°821- DLld 320f Juetso !sunydis uopeSiavu ajordwon 00:05:811
Ploq renzoum oieg ¥'091- 27291 070 1°99 0°087 8°LS 6 Ly 2s- " €°81FI-  ¥°s¢ 1°vs s °ge1- sBunyds voneBravu HAS wrojiad 00:02°811
*1w2 oanauwu: J38/B83p 50 |9 LUEL 0°081 ¥ 8 [ K] 6°6L1  L9LY Ly L811 7709+ yeo¥ €9 sBunySis vopediavu Joj weriQ 00013471
Ploy (ereu: snumuon (Y9 LEL 0°081 [ 6°0 6°8LF  L°9LT Ly [3:19) z'09- 101 €9 UO013I9X10 IINOIPTW SjepIU] 0000831
PloY [eRIouUl snUHmOD  §°9 LEL 0°08% 1°8S 0°0 0°6Lt  L'9LY Ly L8113 2°09- 1708 €9 ¥ T* nya #erduwio) 00:0€:L11
PIOY T#139U} onupguo) | °9- 8°€L 6081 0°8¢ 0°0 0°6L1  L°9L} Ly L7811 2°09- 1°01- €79 weswmBire NP Wiojaeg 00:03:L3%
ywenndire NG
913 zeansuvwi 229/83p 50 °9- 8°€L 0°081 6°Ls 0°0 6L  LU9Lt Ly L 811 2°09- 1°01- €79 30} gusizo ‘sBuryys wopeSiave sjerdurn 00:00:L1}
PIoY Tenzour miffeg |9~ 8°8L 0°08% §°LS 0°0 €°6L1  L°9LE Ly Lg% - Z°09- 1Uo1-  €£°9 sSunysis uoprediavu IS waojdg 00:03:91%
oI zaanouwws 338/33p 60 L6 8°68 €°LtLs 669 FA(IA] 6°0E1  9°S0% €¥r-  8°€ 0°LEF- 1702 8°5¥ sSupqiys uoneSiavu I0f JueLI0 (DL edwO) 00:00:91%
ses/8ep 20 IO 0°0 0°06 8°8EF- 699 9°113 L°0EY  9°S9T [ L S 4 0°LL- 102 8°S¥ O1d ¥¥Ig 003503203
Iwa rsanduvw 238 /¥3p G0 |9 6°5L 0°081 s°LS 0°08% 8Lt L9l 9°¥ 9°021 2°09-  ¥°8- €°s D1d 10} Juatio (eBunylis wopwSiave sjepduns 00:05:90%
Ploq reRieui uileg 7°9- 1oL 0°081 [ 41 6°6L1 LULLY LU9LY 9°¥ 9021 z'09- ¥°8- €°s sBunySts uonERiavu HIg uuopIsg 00:02:90%
a19x xeansuww 2a8/83p 0 270~ 6768 €°681-  Z2°S9 €11 L°0EY  9°S9% €°¥h- 9t 8°9L- 6°61 6°s¥ s3upydis ogeSiavu 107 JuetI0 (D Wwidwo) 00°01:903
des/Bep 7o IO  0°D 0°06 6°0¥T-  §°99 0°21¥ 9°0€1  9°$91 [ 4 SINNE 224 ] 8°9L~ 661 6°'s¥ 21ld ¥ 0050001
93v1 19ansuvwi d98/83p 50 gp 9°6¥ 6°S91-  6°¥LT  0°'081 s°LS 8y ¥i- 8°¥- T°0€F-  1°LE-  1°€ST DI1d 30F uenro !sSungie uopediavu medwon 00:05:66
ploq enzeut uilleg g6 9°6¥ 0°L9T-  9°¥L} 07081 s°LS 8'F ¥i- 8°¥- PUOET-  TULE-  BUEST sBuniyBis uoneSavu HAS wIojIag 00:02:66
2181 19ansuww 238 /83p 0 7°€2 6°€91T  6°6L1-  L°BS 0°0 [ H Lz- 8- 0°¥21-  STOS¥-  €£°SS 2°%21- s3unqSis vonediavu J05 JuILIO 00:07:66
PlOq [e14oUr onURUOD  7°(Z 6'€91  6°6L1- §°'8S 0°0 S 8§ Lz 8°y- 0°¥ZI-  §°0SI-  €°§S v UO1I9210D ISANCOPTW SYERIUY 00:00:66
PloY [vni9ul snunmey | °g? 6°€91  6°6LI-  Z°8S [ X] ¥°85 Lz 8°¥- 0°1Z1-  §°0ST-  £°§§ - jusundire nyg e39iduwnd 00:0€:96
PIOq Ter19uy anunmoD  § €2 6°€91  6°6L1- 078§ 0°0 ¥°8s LT 8°¥- 0°125-  §'0S1-  €°SS [ 7454 jusumlire Q] uLrojIed 00:01:86
Jmsumd e NI
91wz 1aanauww 320/89p 50 g2 6°€91 0087 6°LS 0°0 ¥°8s LUz gy 0°¥Z¥-  §70S¥-  €°S§ Z2°¥2n- a0y jueyro ‘sBunqlrs uoneSiavy aerdwo) 00:00:86
Proy yenrou wilag  § g7 6°€93  0°081 S°LS 0°0 £°8S L2 8°¥- 0°12Zi-  S°0SI-  €°S§ zv2n- eSunyfis uoredrave HIG Wa0jIag 00:07:L6
a1es saanauvw 238/33p 60 868 6°65 6°95- z°16 Ve 8°9¢1  6°SS ¥'62-  1°06 ¥°991-  0°0I- L70OS s3uniqe uoneSiavu 107 JudtI0 (D 1d 919rdwio) 00:01:26
Jon/B9p 2°0 W MK Lgg- 0°0 LoeE- 1°s¥1 0°S€T 97901 1°L¥ 2701 ¥oey 8°¥¥I-  €£°99-  Z2°I8 spow a1quin3 D 1d WIS 00351326
91ws seanduvw 298/89p 60 g8l 1°B¥T 0°LLY-  ¥°€9 00 LT [ A 6°2- €°S01-  §T6El-  O°¥¥ €°1¥1-  O1d 30F WoLI0 ‘aBunyBis uonediavu 239dwon 00:00:26
PloY [*naaut wileg  g'gy 0'8¥1  9°LLE-  8°¥S 0°0 8°2¥ | 6°2- €701 8°6E1-  0°'¥¥ € 1¥i- s3urydis voyeSiaeu 15 wiojiag 00:0%:06
sBuiyde
9w zaanauww >98/8p 50 0°0LE-  L°S6 0°0 $°S0F  ¥°92 2711 L6L1- 10 §°25- 0°Ls 1o 9°%L1- uoywfiavu 10 JuaLIo !y e W 9widwen 00:0£:06
PIOY [enIdut onunuod  0°0LI-  L°S6 0°0 9°66 §°92 T LT6LI- 170 §°25- 0°L$ L] 9°¥LT- waumSIre QN W0j1oq 00°01:06
aes saanauew 238/83p 50 0OLI-  9°Sh 0°0 §°56 992 1 LT6LY- 10 525~ 0°LS 10 9°¥L1- weumbire NI 10§ WO 00:00:06
PIOY Tefiiaur ‘mopurm
ul e>wjIns zwun] Inbdy 00Ly- 9°s6 8°LLY- oo 1q81s jo sur] ON L 6LY~ 10 §°2S- 0°Ls 1°0 S LY~ Bow> 1AL £5°90:68
sJusurwon Wp] Topl [Wep) Toep) (Pl o) W) (%69) ¥3p) ¥sp) [¥sp) T¥P) ¥99AT
ud oyl ud 4L g oyl ¥D0 VON Vol oy awy wud
Bhg 67 YOO 03 qIeg o sopiuy PPNV
sa1fuy oo safuy Yooy saBuy yooy Tequno NI 1e13a30] 2133ud3090)

yjreasuelryl (p)
vjR( 2pN3INY IJeadadedg ‘Il o1qel

42



9°21- L9t L°y- 2°2s 0°0 o°vI 070 00 0951 8°¥1- ¥ 29 €L~ fapg 2650121

Bop Gy+ MvE ¢ pe- 9°¥9 0°091- 0°€L 9°€2- 2°89 0°0 0°s¥ €°18- LoLy- 2°2- €°ss uoresedss WNS/NO z€:050L7
w1 12an3uww 228/82p 59 g7y~ e¥91 - L°2s Ls- 8°6L1  0°0 0°0 0°951 8°¥1- ¥°29 €°2L- uojeredas WS/ WD 10§ JUILIQ 2E:8¥ 0L}
X PIOY Feniteur anunuon ¢ °7j- %91 8°1- L°es o081 1902 4 S N [} 0°9sT 8°FF- ¥79 £z~ Bie NI 2391dwoy 00:02:0LF
P1oY Tehazou;
‘opTaIIe A1jue up poumojzed  9°7i- 8°%91  8°1- §°2$ 0°081 $°LET 00 0°0 0°951 8°¥1- ¥°29 £ 2L jusunBie Ny wWiojIag 00:00:0L1
PIOY Tenaiou; onumo) 96 L°68 L°95 L 9¥ ¥6TI-  ¥9E1  ggLl ¥ 8¢ Leszi-  1°sor 261 E 13 UOT03X103 SIN0IPIW ETITUY 00:50:69¢
PIOY [vriieut enwiuony  9°6Lf L°68 €95 6°9¥ PUEIV- 2°8ET gosLl i a:14 L°ST- 1501 z°61 2°s¢ JusumBire npg 9yeduy 00:0£:891
Proy rensaur onuuon 9 °6Lf L°68 0°9¢ o°Ly S°01I-  6°8€T  g§°SLY ¥ 8¢ LT§2T~  1°s0% z°61 25t juswulre NN wiojIag 00:0§:89%
judurmBipe NI J03 Juato
ajwa 19anduww 328/89p G0 L6y L768 6°55 1Ly 27601~ Z'6€1  8°SLl ¥ 8¢ L°62¥-  1°S0% Z61 z°s¢ {USTIRUTUIISIIP UOITIUSTIO T @3dtdwion 00:00:89§
?1w1 23anauww 238 /83p ¢ 0 UOLIBUTUIIIIIP
‘LVIWNWSJITY Lxjus o3 oBuwypy %61t L768 9°55 2oy 6°501- 66T g°sLy ¥8c L°S21-  1°S01 z°61 z°s¢ ROWRIUILIO (JINT 10 JUITI0 I Ld 2latdwos 00°0€:L9%
2%8/89p 20w 1I0OW  0°0 0°06 ¥'521-  6°LS 8°L6 9°1E1  £°593 8°¥b- 1577 S'g9- [ 14 95+ 21d H*Is 00°55°LsT
e 10Ansusw 298/89p 50 7°- 9°29 0°0871 €°LS 0°0 $°8s1 8Ll a4 1607 9°85- 0°81- 811 D1d ¥o0j uarzo ‘sBurysis uoyeBiavu ajerdwos 00:00:L53
sSunysis voreBiavu
Ploy renzeut wileg 77y~ 9°29 0081 §°LS 0°0 8°851  8°LLl a4 17601 9°85- 0°'81- 8711 TS wxojiad pue judtrosy 00:0€:951
Ploy [snzeur utlag g0 ¥6€ 9°01 8°8ST  0°081 §°L5 €°8 9°9 L9 8°82i- 80§~  Z°6¥} sBunysts uonediaru Hyag wWrojasy 00:00:95)
?je1 13anuvw d9s fFap s°0 8°6L1 868 ¥ es 9°Ls 718~ ¥ z¢er S ¥~ 0 °¥¥- L°s21 0°20% 1 i ¥4 8°v¥ sSupySie uoneSiavu 107 JuULLI0 {nLg 93e1duson 00:05:56T
d>es/Bep 20 Moy 070 0°06 9°821-  9°8§ 9°203 T°2€F §°S9T 0°¥b-  L°ST} 0°8L- 1°12 8°¥¥ 21d 1% 003503061
a1e1 zoansuww 528/89p § 0 6°LE 6°05 [l B 2°LST ¥reLt 8°95 0°L- €°81-  2'¢ ¥I¥SI- 8°87-  JTEET DId o) ueo !‘sfunySis uonesiavu a3arduron 00:05:6¥1
Ploy rengaul uileg  6°L¢ 6°0s 8°e¥- €L 9°6L1 ¥eLs 0°L- €°81-  2°¢ P¥SI- 8782~ 1eer sBuniyB1s uonediavu g5 WIojIg 00003697
9wz J2anduvws 238/83p 50 Z°021- 8°68 L°0T} 0°6S TLi- 0°ZEl  S°bL- T¥b-  prs21 1o2w- 0°'1z 0°s¥ *Junq81s uoneBiavu 105 U0 InLg Me1dwon 00°05:8%1
J9s/8ep 7°0 3% Tlod 00 0°06 6°0ET-  6°6S ¥°s01 8°I€Y 6591 1%~ ¥'s21 6°LL- 0°12 0°s¥ Did WeIg 00%50:€¥7
a1ws zoanouww 234/89p S0 ['E91-  9°Bs] 00 LeSL 0°083 6°L$ ¥ 8Ll 2°s- SETI-  €°8¢ z°1s 9°¥El-  OlLd 40 ustio ‘sBunqBis vonediavu aerdwon 00:05:2%F
Ploy vpaout uileg  Z°c9i-  9°gs]  0°0 9°5L 0°08% 8°Ls ¥'8L1 z°s- SEIT-  €°8¢ z°1s 9°¥e)- »3unysis vopeSntu yys wiojivg 00:02:7¥1
9ie2 19anduvur 228/53p 0 yr9- 5°89 0'081  0°LS ¥o- L'691 LY LW 1% 9°65-  6°¢l-  8°8 sfunyds uoyediaeu 105 Juenzg 00:01:2¥}
PI0Y Ten3zauy anutjuo) ¥9- 1°89 0°081 0°Ls 1°0- 8°691 °LL Ly %13 9°6S- 6°E1- 8°8 UOIIDII 03 ISINCIPIW Iyerjiuy 00:00:2%1
PIOY [e1312ul onupuos ¥ °9- 189 0°08% z°Ls 10~ 6°691 2wt g [ 231 9°65- 6°€1- g8 usumBire nWy swdwon 00:0£:191
PI0Y Tef3zour onunue) ¥ °9- z°89 0°087 €°LS 0°0 o°oLr  z'eey L¥ 1911 9°65- 6°¢1-  8'g juouraBite QNI Wrojiag 00:03:1¥}1
Juounadire g
21w I2Andunw 298/8op 50§ g~ Z2°89 0087 €°LS 0°0 002y ZLLl I 4 13431 9°65- 6°c1-  8°8 40y Juatzo ‘eBuriyBis wonedravu jadwor 00:00:1¥7
Ploy reyszauy utBog 4 °9- z°89 0°087 $°Ls 0°0 €0y ZUuLl [ / 1911 9°65- 6°€i- 88 sBunq8rs uoneBiavy yIg wirojrag 00:01:0¥1
231 1aanauvw 398/83p 69 €09~ L°68 8°L9% 9°09 8°s¥ LUIEF  S°¥ET- T°FF- 8wl 9Ly~ L0z [ 14 s8upiyste uoneBiaeu 10§ WILL0 IH1g #3e1dwoy 00:00:0%%
299/89p 70 I 11O 00 0°06 IUvEr- L19 9°803 UIEr §°597 b s S K %41 9°LL- L°07 €°5¥ o1d Hwig 00°52:0¢7
?3e1 1sanduvw 308/89p G0 2°9- 6°0L 0°08} 8°Ls 0°0 6°¥LT  6°9LY LP Y951 0°09- 1°28- st Dld ¥0j s1ro ‘aBunyfie uoneliavu aduroy 00:01:0€7
PIoy renyzeur uilag  7°9- 6°0L 07081 s°Ls 0°0 8L 67923 Ly ¥°911 0°09- 121 5 sBunydts vonedaeu Yg waojrayg 00:0%:621
83unydis vonefraeu
s3ea soansuvw o98/¥p 50 ¢ g2 z°0s 9°¥9- ST L6t LoLs 9°1- Z°15- g9'0- LUERE- S°ZE- FCIRY HTS 30J Juotio !sBunyfte voneSiaeu szoidwon 00:0£3621
POy Tenytour uilag g7 1°0s 0°29- S°L9T  8°6LT L°Ls 9°1- 2°11- 90~ LTEPE-  §°28-  BCIRT s3unqsis uoneSiavu yyg wiojIag 005003627
#Hewrwon p] (@3] T¥p] 9] (%59 (%59 T8p]  T%sp) [Le) T%p] T98)  T¥op) WeAT SestulaiiIy
g eayL g LELLAY g ®9yy Y90 YOW VoI noy mex qaig W] uotesI
ung o3 uoow o3 yyzey o3 eI Uy 2pmINIY
sa18uy oo sa13uy yoo 8918uy oo =quID ONg {21328 2123u82090

(penunuo)) yjaeossuer] (p)
®eje( 9pNIIY jyeadadedg ‘I aqe]

43



Table III. C-prime Lunar Orbit Mission IMU Matrices;
Launch Date December 21, 1968; 72 Degrees

Launch Azimuth

Pre-Launch REFSMMAT

X X
X -0.81214345 -0.30486116
Y = | -0.33253554 -0.45874422
Z MU 0.47941956  -0.83463367
LOI-2 REFSMMAT
X X
X -0.64877632 0.07638412
Y =| -0.66111865 -0.54928435
Z MU -0.37684405 0.83213712
Entry REFSMMAT
X X
X -0.5310936 -0.01691802
Y =| -0.76132403 0.44838224
Z hmu -0.3719211 -0.89368179

Z

0.49747632
-0.87399866
-0.27118908

Z

-0.7571359
0.51108595
0.40686164

Z

0.84714425
-0.46833652
-0.251013
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Table IV. Scanning Telescope Sighting Targets

Launch Date: December 21, 1968
Landing Site: II-P-2

Type Latitude Longitude Altitude (meters)
First control point landmark  4.200°S 164.300°W 0.0
Second control point landmark 12.500°S 151.500°E 0.0
Third control point landmark 8.500°S  96.000°E 0.0
Pseudo landing site landmark 2.570°N  35.000°E -890.0
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MISSION TIME
69:11:35

START FIRST REVOLUTION
LO! CUTOFF

(-171.8, 6.9, 0.5)
INERTIAL ATTITUDE HOLD

ROLL 180 DEG FOR COMMUNICATIONS
(-118.0, 6.9, -179.5)

MANEUVER TO LUNAR OBSERVATION INERTIAL ATHITUDE HOLD

AND PHOTOGRAPHY ATTITUDE
(-45.0, 0.0, 180.0)
LOCAL ATTITUDE HOLD

NOTE:
AOS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

(X. X, X, X,X, X} - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

BEGIN MU REALIGNMENT
{5.3,8.9,-179.5)

Figure 5. First Revolution Major Events and Attitudes
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ROLL 180 DEG TO CIRCULARIZATION
SURN ATTITUDE

(101.4, 0.0, 0.0)
INERTIAL ATTITUDE HOLD

MANEUVER TO CIRCULARIZATION
SURN ATTITUDE, ROLLED 180 DEG

73.6, 0.0, 190.
INERTIAL ATTITUDE HOLD

NOTE:

ADS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

XX, X.X,X.X} - VEHICLE ATTITUDE RELA'

TIVE
LTO THE LOCAL HORIZONTAL ORENTATION

TEBMINATE LOCAL ATTITUDE HOLD

(-45.0, 0.0, 100.0)
INERTIAL ATTIRUOE HOLD

Figure 6. Second Revolution Major Events and Attitudes
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MISSION TIME

e oo

START THIRD REVOLUTION
INERTIAL ATTITUDE HOLD

CMCULAZIZATION BUSN
(179.7, 0.0, 0.0)
| INekTiAL ‘AftiTue noLD

b MANEUVER TO LANOMARK TRAINING
ﬂyb g PHOTOGRAMY ATTITUDE
[.Q ' - (-52.5, 0.0, 100.0)
1 ‘5! LOCAL ATTITUDE HOLD
\ >
405

|I?.l e )

MANEUVER TO ORSITAL NAVIGATION
PHOTOGRAPHY ATTITUDE

(-90.0, 0.0, 180.0}
LOCAL ATTITUDE HOLD

BEGIN MANUAL PITCH RATE

NOTE: POR LANDMARK TRAINING PHOTOGRAPHY
AQS - ACQUISITION OF SIGNAL TERMINATE MANUAL PITCH RATE, [(-52.5,0.0, 180.0)
LOS - LOSS OF SIGNAL PTCH - 70 DEG
XX, X. X, X.X) - VEHICLE ATNTUDE RELATIVE INERTIAL ATTITUDE HOLD
THE AL HZONTAL ORIENTATION ]
BEGIN MU REALIGNMENT
(-31.1,0.0,190.0)

Figure 7. Third Revolution Major Events and Attitudes



MISSION TIME
75:37:35

START FOURTH REVOLUTION

CONTINUE ORBITAL NAVIGATION PNOTOGRAPHY
(-90.0, 0.0, 180.0)

LOCAL ATTITUDE HOLD

ROLL 180 DEG, CONTINUE ORBITAL
NAVIGATION PHOTOGRAPHY
(-90.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

MANEUVER TO LANDMARK
SIGHTING ATTITUDE

5.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

MANEUVER TO LANDM ARK
SIGHTING ATTITUDE

(5.0, 0.0, 0,0

LOCAL ATTITUDE HOLD

8EGIN -0.3 DEG/SEC PITCH RATE FOR

AOOS -:ACQUCSI"ON OF SIGNAL MODE 11 TYPE LANOMARK SIGHTINGS

LOS - LOSS OF SIGNAL
(XX, X, X, X.X) = VEHICLE ATTITUDE RELATIVE
TO _THE LOCAL HORIZONTAL QRIENTATION

TERMINATE PITCH RATE, ROLL 180 DEG
(-62.1, 0.0, 180.0}
INERTIAL ATTITUDE HOLD

BEGIN MU REALIGNMENT
(-16.0, 0.0, 180.0)

Figure 8. Fourth Revolution Major Events and Attitudes
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TERM INATE - 0.3 DEG/SEC
RATE (-62.1, 0.0, 0.0)

STARY - 0.3 DEG/SEC 178 SEC
PITCH RATE
(5.6, 0.0, 0,0)

L TOPOCENTRIC LANDMARK
HORIZON

fam 4.4

0EG

0%, X, X, X, X) = VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

Figure 9. Mode III Type Landmark Sighting Attitude Sequence
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MISSION TIME

77:34:15

STARY FIFTH REVOLUTION
LANDMARK SIGHTING ATTITUDE
3.0, 0.0, 0,0)

LOCAL ATTITUDE HOLD

BEGIN -0.3 DEG/SEC PITCH RATE FOR
MODE 11l TYPE LANDMARK SIGHTINGS

TERMINATE #ITCH RATE, MANEUVER TO
LANDMARK SIGHTING ATTITUDE

5.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

MANEUVER TO LANDMARK SIGHTING
ATTITUDE

5.0, 0.0, 0,0}
LOCAL ATTITUDE HOLD

LQs

BEGIN -0,3 DEG/SEC PITCH RATE FOR
MODE HI TYPE LANDMARK SIGHTINGS

BEGIMN IMU REALIGNMENT
4.5, 0.0, 180.0} TERMINATE PITCH RATE, ROLL 180 DEG
(-62.1, 0.0, 180.0)
INERTIAL ATTITUDE HOLD

NOTE:

AOS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

(X, X, X. X, X. X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

Figure 10. Fifth Revolution Major Events and Attitudes
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MISSION TME
79:34:35

TEMAINATE PITCH RATE, MANEUVER START SIXTH REVOLUTION

1O LANDMARK SIGHTING ATTITUDE LANDMARK SIGHTING ATTITUOE
.0, 0.0, 0.0 .0, 0.0, 0.

LOCAL ATTITUDE HOLD LOCAL ATTITUDE HOLD

SEGIN -0.1 DEG/SEC PITCH RATE FOR
MODE HI TYPE LANDMARK SIGHTINGS

SEGIN -0.3 DEG/SEC MITCH RATE FOR

MODE 11 TYPE LANDMARK SIGHTINGS TENAINATE PITCH RATE, MANEUVER

TO LANDMARK SIGHTING ATTITUDE
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Figure 11. Sixth Revolution Major Events and Attitudes
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Figure 12. Seventh Revolution Major Events and Attitudes
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Figure 13. Eighth Revolution Major Events and Attitudes
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MISSION Tme
45:30:85

START NINTH REVOLUTION

CONTINUE ORBITAL NAVIGATION PHO TOGRAPHY
(-70.0, 0.0, 180.0)

LOCAL ATTITUDE HOLD

/

PITCH 40 DEG,, ROLL 180 DEG AND CONTINUE
OMITAL NAVIGATION PHOTOGRAPHY
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Figure 14. Ninth Revolution Major Events and Attitudes
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Tenth Revolution Major Events and Attitudes

Figure 15.
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Figure 16a. PTC Tumble Mode Attitude Geometry
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Figure 16b. PTC Tumble Mode Attitude Geometry as
Viewed from the Sun
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Figure 17a. CM/SM Separation Attitude
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Figure 17b. CM Entry Attitude
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